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exposmg radiation tlux that has passed through' Se 

^aSTE f P 'r c60n ° p,ical 6 ^ tem a "d «lumi- 
natng the at least one lens, a thus illuminated portion of 
the at east one lens having rotational asymmetry 
around the predetermined optical axis, the LS 
radiat-on flux that has passed through the a iSS 
iens exposing the image of the mask pattern onto me 
p hotosens,t.ve substrate. The projection exposure 
apparatus accord.ng to the present invertionftiriher 
includes a second illumination system for direcBno a 
non-exposing radiation flux that is incapable of exposino 
the photosensitive substrate toward the projectlTopti- 

£2S ?° n - exposin 9 radia «°" «"* iHuminatog 
the a least one lens .n the projection optical system to 
complement the portion illuminated by the exposing 
rad.at.on lux such that the resultant illuminated Prions 
on the at .east one lens have substantia, rotational S yT 

nd * e P^" 11 "^ optical axis of the pm- 
jection optical system as a whole. 




FIG 1A 



Printed by Xerox (UK) Business Services 
2.15.9/3.4 



EP 0 823 662 A2 

pescription 



10 



1$ 



This application claims the benefit of Japanese applications, No. 08-208260 filed on Auaust 7 199fi M rt n* 

S22^ on 9USt 22, 1996, Na 08 ' 234158 ' fl,ed on September 4 ' 1996 - aH - wSh 0 ^^ 

gyy^ lCGROUND OF THE INVENTION 
0gi Hj»f the Invention 

The present invention relates to an exposure aoDaratnc anrt mnr a ««r4j^. *~ • . 
tor posing amask pattern on a mask 0T0 a S ^SSSTSrir 
taring sen.-condu^^^ 

p^nsslon of the Belated Ar< 

in manufacture of semiconductor devices or the like, a projection exposure aoDaratus «=, ,rh a< = a 
conventional technoiogy has been widely used. The exposure appiat^^^ofexiiiS f^^^f 
reticle mask (or mask etc.) via a projection optical system onto a^are-liteSnlfl ^ 9 Pattem ° f a 

sensitive substrate (glass substrate/for example), wWcnTs coated^ttTo^S T * ° T * ***** 

20 Jhip patterns used in semiconductor devices^ a SSS?^vS,^« SI e ^L ^ "f^ ** ' W 
each of the shot regions is required However rt * 9 6 Pattem 030 be transc "bed onto 

In the projection optical system of conventional technology these aberrations am ™rr<^ k * > 

mlion MdMqut h which n, arosu^ ,„„ fc aj 011ell I^JS. "»^"*W"OTolanmr 
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ondary light source in the illumination optical system may be annularly shaped ("annular illumination") or composed of 
a plurality of (four, for example) small light sources each being eccentric with respect to the optical axis ("modified illu- 
mination"). With such illumination techniques, the resolution of the projection optical system can be improved without 
decreasing the wavelength of the exposure light or increasing the numerical aperture. A method called "super resolu- 

5 tion" has also been developed. This method improves the resolution by placing a pupil filter having a ring shape etc 
at the pupil surface of the projection optical system. ' 

When the reticle is illuminated by illumination light that has a uniform intensity distribution with respect to a center 
light ray which is vertically incident on the reticle (i.e., not annular or modified illumination), the image of the pattern on 
the wafer is formed mainly by three light rays: the Oth, +1st, and -1st order diffraction light rays that have passed 

to through the reticle pattern. Thus, the entire surface of a lens that is located in the vicinity of the pupil surface of the opti- 
cal system is illuminated with uniform intensity: the intensity at the center of the lens is the same as that of the periphery. 
Also, when using a standard illumination method where no annular pupil fitter for blocking light in its center is placed at 
the pupil surface of the projection optical system, a lens in the vicinity of the pupil surface of the projection optical sys- 
tem is evenly illuminated. In this uniform illumination condition, since the temperature rises mainly near the center of the 

is lens, the resultant thermal distortion and fluctuations in the index of refaction can be represented by a quadratic or lower 
order function of the position in the lens. Therefore, fluctuations in aberrations occur mainly as a form of a positional 
shift of the Gauss image plane in the vicinity of the optical axis. In other words, fluctuations in the higher order spherical 
aberrations do not occur under such a uniform illumination condition. 

When illumination is performed using the annular illumination or modified illumination method above, the image of 

20 the reticle pattern is formed on the wafer mainly by the +1st and - 1st order diffraction light beams that are generated 
by interaction of the exposing illumination light with the reticle pattern. Therefore, if a large portion of the reticle pattern 
has the minimum line width, i.e., requires the maximum resolution of the projection optical system, the amount of the 
light flux that propagates near the optical axis of the projection optical system is extremely small as compared with the 
amount of the light flux passing in the periphery. 

25 When a pupil filter is placed at the pupil surface of the projection optical system to block light near the optical axis 
the amount of the light flux that illuminates lenses located after the pupil filter near the optical axis of the projection opti- 
cal system is also extremely small as compared with the amount of the light flux passing in the periphery of the lenses 
When the illumination energy is unevenly distributed over a lens in the projection optical system in this manner the 
temperature around the periphery of the lens rises due to heat absorption, while the temperatures at the center of the 

30 lens do not rise so much. Local fluctuations in the index of refraction of the lens and thermal deformation (or distortion) 
occur as a result of such a temperature distribution. This, in turn, results in the formation of a 2nd or higher order 
asphencal surface in the lens and the corresponding changes in the index of refraction. Therefore, in the vicinity of the 
optical axis of the projection optical system, not only the Gauss image plane shift but also changes in high order spher- 
ical aberrations occurs. ^ 
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SUMMARY OF THE INVENTION 



Accordingly, the present invention is directed to a projection exposure apparatus that substantially obviates the 
problems due to limitations and disadvantages of the related art. 

40 An object of the present invention is to provide a projection exposure apparatus that is capable of suppressing fluc- 
tuations in aberrations of the projection optical system when transcribing a pattern in an asymmetrical-shaped illumina- 
tion area on a reticle via a projection optical system. 

Another object of the present invention is to provide a projection exposure apparatus that is capable of suppressing 
fluctuations in high-order spherical aberrations of the projection optical system when exposure is performed using an 

45 annular or modified illumination method, and/or using a pupil filter to block light near the optical axis. 

Additional features and advantages of the invention will be set forth in the description that follows and in part will 
be apparent from the description, or may be learned by practice of the invention. The objectives and other advantages 
of the invention will be realized and attained by the structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

so To achieve these and other advantages and in accordance with the purpose of the present invention, as embodied 
and broadly described, the present invention provide, a projection exposure apparatus for transferring the image of a 
mask pattern on a mask onto a photosensitive substrate by an exposing radiation flux, the projection exposure appara- 
tus including a projection optical system including at least one lens and having a predetermined optical axis; a first illu- 
mination system for directing the exposing radiation flux that is capable of exposing the photosensitive substrate toward 

55 the mask to illuminate the mask pattern, the exposing radiation flux that has passed through the mask entering the pro- 
jection optical system and illuminating the at least one lens, a thus illuminated portion of the at least one lens having 
rotational asymmetry around the predetermined optical axis, the exposing radiation flux that has passed through the at 
least one lens exposing the image of the mask pattern onto the photosensitive substrate; and a second illumination sys- 
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tern for directing a non-exposing radiation flux that is incapable of exposing the photosensitive substrate toward the pro- 
jection optical system, the non-exposing radiation flux illuminating the at least one lens in the projection optical system 
to complement tile portion illuminated by the exposing radiation flux such that the resultant illuminated portions on the 
at least one lens have substantial rotational symmetry around the predetermined optical axis of the projection ootical 
system as a whole. M 

5 

In another aspect, the present invention provides a projection exposure apparatus for transferring the image of a 
mask pattern on a mask onto a photosensitive substrate, the projection exposure apparatus including a projection opti- 
cal system for projecting the image of the mask pattern on the mask onto the photosensitive substrate the projection 
optical system including at least one lens and having a predetermined optical axis; a first light source for emitting first 
10 illumination light that is capable of exposing the photosensitive substrate; a second light source for emitting second illu- 
mination light that is incapable of exposing the photosensitive substrate; a combining system for combining the first illu- 
mination light and the second illumination light and directing the combined light toward the mask and a field stop 
disposed on an optical path between the combining system and the mask at a position substantially conjugate with a 
patterned surface of the mask, the field stop including a first transmissive portion for selectively transmitting the first illu- 
1S mmation light and a second transmissive portion for selectively transmitting the second illumination light the first illumi- 
nation light that has passed through the first transmissive portion entering the projection optical system through the 
mask to illuminate the at least one lens in the projection optical system, a thus illuminated portion of the at least one 
lens having rotational asymmetry around the predetermined optical axis of the projection optical system the first illumi- 
nation light that has passed through the at least one lens exposing the image of the mask pattern onto the photosensi- 
20 tive substrate, the second illumination light that has passed through the second transmissive portion entering the 
prqection optical system through the mask to illuminate the at least one lens to complement the portion illuminated by 
the first illumination light such that the resultant illuminated portions of the at least one lens have substantial rotational 
symmetry around the predetermined optical axis of the projection optical system as a whole. 

In another aspect, the present invention provides a projection exposure apparatus for transferring the image of a 
z6 mask pattern on a mask onto a photosensitive substrate by an exposing radiation flux, the projection exposure appara- 
tus including a projection optical system having a predetermined optical axis, for projecting the image of the mask pat- 
tern onto the photosensitive substrate; an illumination optical system for directing the exposing radiation flux toward the 
mask, the exposing radiation flux that has passed through the mask entering the projection optical system with a cross- 
section substantially circular around the predetermined optical axis; and a light control member disposed between the 
30 projection optical system and the photosensitive substrate, the light control member including a transmissive portion for 
selectively transmitting the exposing radiation flux from the projection optical system, the exposing radiation flux that 
has passed through the transmissive portion having a cross-section substantially rotationally asymmetric around the 
predetermined optical axis of the projection optical system. 

In another aspect, the present invention provides a projection exposure apparatus for projecting the image of a 
3S mask pattern on a mask onto a photosensitive substrate by an exposing radiation flux, including a projection optical sys- 
tem having an optical axis and a pupil surface; an illumination optical system for directing the exposing radiation flux 
toward the mask, the exposing radiation flux that has passed through the mask entering the projection optical system 
and passing through portions on the pupil surface that are distributed to exclude an area including the optical axis of 
the projection optical system; and an auxiliary optical system for directing a non-exposing radiation flux that is incapable 
40 of exposing the photosensitive substrate toward the remaining portions on the pupil surface excludinq the portions 
which the exposing radiation passes through. " M 

In another aspect, the present invention provides a projection exposure apparatus for projecting the image of a 
mask pattern on a mask onto a photosensitive substrate by an exposing radiation flux, including a projection optical sys- 
tem having an optical axis and a pupil surface; a combining illumination optical system for directing the exposing radia- 
4S tion flux that is capable of exposing the photosensitive substrate and a non-exposing radiation flux that is incapable of 
exposing the photosensitive substrate toward the pupil surface of the projection optical system, the exposing radiation 
flux passing through portions on the pupil surface that are distributed to exclude an area including the optical axis of the 
projection optical system; and an optical member for selectively directing toward the photosensitive substrate the non- 
exposing radiation flux that passes through the remaining portions of the pupil surface. 
so In another aspect, the present invention provides a projection exposure apparatus using a portion of an exposinq 
radiation flux that is obliquely incident on or obliquely emitted from a mask as effective exposing light to expose a pho- 
tosensitive subsirate, the projection exposure apparatus including a projection optical system for projecting the image 
of a mask pattern on the mask onto the photosensitive substrate with the exposing radiation flux, the projection optical 
system having an pupil surface and an optical axis; an illumination optical system for illuminating the mask using the 
55 exposing radiation flux from a plurality of light sources, which are substantially uniformly distributed over an circular 
region around the optical axis at a surface conjugate with the pupil surface of the projection optical system a first polar- 
.zation member disposed at at least one of the pupil surface of the projection optical system and a surface conjugate 
with the pupil surface, the first polarization member polarizing the remaining exposing radiation flux excluding said 
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effective exposing radiation flux in a predetermined direction anH a c ~*™h , ■ A . 

projection optical system and the photoseSe sute ^p™^,= fX ^ aabon _ member dis P°*ed between the 
ation flux that has been polarized inYnTpSe^ b,0Ck,n9 ,ne ex P° sin 9 radi " 

the projection optical system. P^eterm.ned direction by the hrst polanzation member and passed through 

on a mask onto a photosenSve suSte Xo?^ 

directing the exposing radiaTonlx^t 7 c&Tol^XnZ T? ** meth0d indudin 9 * e <* 

the exposing^tionf.uxthat hTp^ssS ^ T"*?* "** ^ 

^r^rmK 

BRIEF DESCRIPTI ON OFTHF flRAWlNGS 

The accompanying drawings, which are included to provide a further understand!™, nf th* ^ - 

porated in and constitute a part of this SDecificaJion iih 1<t wl unaerstanding of the invention and are incor- 

description serve to explain tfeXSes ^oSTnventi^ - *. invention and together w*h the 

In the drawings: 

e^mf^ a «*»*<* ^ a first exampie of a first preferred 

su£ ^S^r 01 3 reUC ' e ^ a " i,,Uminati ° n re9i0 " to *• Projection expo- 

SpUSuTof^ 

FIG' 2C S I "I 8 " ^ 8 ""If for the pf0 ' ec1ion ""We apparatus of FIG. 2A- 
FIG' S £ h a " ^T^* "'^ S,0P fw P r °i ecfion W«™ apparatiLs of FIG 2A 

FIGs. 1Ato1C: Hwiueaoyme preferred embodiment of the present invention shown in 

FHL» is a diagram showing the results of calcu.ating tine temperature distribution on the ,ens after temperature 

c!^' - S 9 ? an ViSW Showing ^ illumi na1"'on region on the lens used in the first calculation 
Ha4B ,s a diagram showing the results o, emulating the temperature ^^oV^Zl^re 

shown in FIG. 1, n.mprovement provided by the first preferred embodiment of the present invention 

rises 58 " 3 dia9ram Sh0W ' n9 feSUltS 01 Ca,CU,atng * e ^*ution on the lens after temperature 

50 TnSn£n; ' ^ ^ 3 m " afl » i «' - the ^ - firs, embodiment of me present 

FIG. 7B shows the illumination region on the reticle 4 held in the projection exposure aooaratus of Fir ta- 

55 S? o! •" ^ "^u 0 * thS "9 h, - shieldin 9 P'ate of the projection exposure apparatus of FIG 8A- 

etramptie of a member, which can be placed on the reticle or at a position having 
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a conjugate relationship with the reticle in the case of FIG 9A 

FIG. 12A is a plan view of a guiding mirror 205 of FIG 10 as viewed from th= 

FIG. 1 2B is a plan view of an alternative guiding mirror 205A i^ESJ, J?2 f 

FIG- 13 feaschematicviewshowingthe^^^^ , 

ferred embodiment of the present invention; "loomed version of the first example of the second pre- 

FIG- 14A is a plan view of an aperture stOD 237 for fha nroi=oti„„ 

0 FIG. 14B is a plan view of an aLnativ^ertwfsS ££a £ * aPPar3tUS °' F,a 13: 

0 F.G. 15isasinpimedschematicdiag^h^ 13; 

ond example of the second preferr JembodT^ «— *° a sec- 

e^Vn^^ 

SoEpi,^^ 

RETAILED DESCRIPTION OF THE PRPFPppcq EMBODIMENT*. 

5^ Reference will now be made in detail to the Dreferred pmhnHim^ u, 

iHustrated in the accompanying drawings. ernbod.ments of the present invention, examples of which are 

prifi Purred Em^.m f n t 

3* first example 

FIG. 1 A schematically shows the c^igu^Z ^TJ^^'^ eXP ° SUre apparatus - 

* le . as shown in FIG. 1 A, the projection eX^TaSaraEZ^^TM^ aCCOrdin9 10 the P' esent ««»- 
J ate a pattern region of reticle 4. During •SST5JKJ!^?f2S 9 S ° UrCeS 3 * and 3B ' wWch i,lumi - 
^ich is sensitive to a photoresist coat^Xafe^tohotoLn^nr ,,,uminat,on «*« IL1 "aving wavelength xi 

illumination light IL2A. IL2B tJS^SS^S^^ ™?*T>- ^ ^ 3A. 3B 

toresist coated on wafer 7. Tne light source 1 incS« S J» "^P^) wavelength A2 with respect to the pho 

* onto reticle 4. and a field stop which Ss ™ J£ * ' "*"* Unrf0rm,y di ™es the illumination beam 
S the light source 1 passe? S^t7«^ ^ '"»*-»• "* IL1 «"»- 
nation region 18 (FIG. 1 B) extending in the non-scanninod Sn !^ e f*^. on , tne 1 . ret,cle 4 a rectangular illumi- 
iern in the rectangular il.umination region 1 8 onT3 J ! ' ! Um '^ on H 9 ht ,L1 • •» image of the pat- 
. projection optical system 6 at a projection magnK™ ' ^SS oM/5Hn STJS? 0 " "V" ? * 

* to the optical axis AX of the projection optical system 6 the X axis is tak» in 2i S, ' 2 3X18 ' S teken parallel 
F IG. 1 A and perpendicular to the ZaxhT and the Y aft fe tiZ I^ '" the two dimensional plane of the paper of 
Roving) direction of reticle 4 and wafer 7 tC Fla 1A ^ X direcHon fe »» scanning (or 

and^ely.a^^ 
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surface of the wafer 7 via the projection opdcalsySS, 6 ' P ^ 1hraU9h * e re,to,e 4 is di '«** toward the 

In this example, the illumination region 17 formed h>, th„ ni • .. 
tomedbytheifhimination light ^^^^ZI^jT^T " 9ht ,l2A and *• *«*«*>n region 19 
s.des of the rectangular nomination region 18 *JKSS^^£S^ direC,, '° n (Xdirectton ) « *• both 

The wavelength A.1 of the illumination lioht n 1 J * """"nation light IL1 . 
accordance with the type of the photoresist £ the EL^ESS * ? the i,,Uminati0 " ■*» 

are chosen in 

example, the wavelength X1 is less than 530nm, J SSJSSSSJJS ^ ""I"* 0 " System 6 is ™*> 
rn.nat.on hght IL1 for exposure, the emission lines of 7^^^^,^^ " ^ than As the Hlu- 

line (wavelength =436nm). excimer laser light (M= JSS^S^ ^ '" llne < wavele "9th=365nm) or the g- 
length=248nm). or the harmonics of a laser beamiromTZnlf V ^ Ve,en9,h=193nm <* KrF excimer laser wLve- 

lllumination light fluxes IL2A. IL2B are uS to term a P « T"" 8Ser ° r a YAG laser ' "»y be used 
jection optica, system (i.e.. to suppSroSL aZmSditf T?*! * ^ e " er ^ in la " a ^he pro- 
able to use the illumination light for IU> A . S ^SmSZ^f^f thermal ener 9V)- Therefore, it is preS- 
a whofe by substantiafly the same amount peT uSare^^e^^T S ^ ' enS 3nd the ^terX 
illum.nat.on light beams IL2A. IL2B in addition to havfoo no„ ^ 9M ,L1 - ° ne 01 fte Parable factors for the 
the absorption rate in me lens is small or *ZZt?X 0 ?l^?ZTT '* * haVe en0U ^ density when " 
^ beam of the He-Ne laser SSSt * " ^ * exam ^ <* «* «<«" 

. ^^9^ system. Such glass materia.s nave 

beam. etc.. (wavelength 2.4 to 3.4Mm) can be used Ifor ■tSS^Z^T^T 1 ^ There,ore . "> HF chemical laser 
than one made of quartz usually includes *^S£TS^J!? """" "f *' ^ °»** 2 
rate dose to 1%/cm with respect to light having •ZZXSZZES^ J? "T °' th " n haw the ^ 
l.ght (having l.ght absorption ratio about 1%/cm) <^^Selt^^ tar »** m 530 nm. Even such illumination 
thermal energy. Examples of such light are the C-.S (S^^^tTT" 1 ^metry in distribution of the 
The n Sd?i 6nm) ° f 3 he,iUm dfeCha,9e ^be «c 6 3nm) 01 9 hydr09er, discha '9e tube or the d-line 

constant speed, a^nd alsTthYJs^ "T* in *• sca "™9 direction (X direction) at a 

installed interferometers (not £^JS^^^ m J^ f S^ X a ™* * directions. S2S3J 
the rehcle stage 5 is then controlled in accordance ^ 5 Wrth high accura <* ^ Position of 

^The^S^ 

(X direction) via a wafer holder (not irateS" ^for'ste^^ ' T"** ^ m the ~*b d "«*°n 
that the .mage of the reticle 4 pattern is sequerrtially onto ^V"** the X and Y dire <*°ns such 

and-scan mode. In the step-and-scan mode a shofre Jon^ ^StT*^^ 0 "*"™*" 7 
exposure reg.on of the projection optical system 6 and S^^hl £ Position with respect to the 

each shot region. During the scan-exposure, if ZT^ZTZt^lTIrT ^ ™ S ° Peration is P**«"* on 
wrth respect to the exposing light the wafer 7 is moved \k . SeTS^S ; Xd, ^' on < or ^direction) at a speed V R , 

the £1SSS ^^^li^.'S? i,l r" nati0n baa - t.1. ub ,n FIG IB 
N2, and N1. The rectangular *JS£%£££^^ 

rn.nat.on reg.on 14. which is conjugate with the effe<SS S"""^? - 3 rourK( - sha P a Active 1.1^ 
In ttoscase. the center P2 of the round-shape ^J^Znl^Xr^f 0ptica) s ^ 6. 

The illummation light IL2A from the lighTsource 3A forZ fhlT 14 ^'"C'des with the optical axis AX. 
side of the illumination region 18 (left of S£££ ' " ,umination ra 9'on 17 on the -X direction 

IL2B from the light source 3B forms the tri^5^^5Ef 7 L1 ^ N1 in F,G - 1B )- ^e iHumination Hght 

, 9 b rotationa, symmetry as a who,. That 



7 



EP0 823 662 A2 



0 



1* 



f e9on 18 form an illumination region which is close to the annular „ • * 

|U 1 that passes through the illumination region 18 and SIS^E^ ■""T* 0 " refli0n 14 7,16 ***«on light 
nation regions ,7. 19, respectively, are guided ^SSS^IS^^^T^ 1 ^^^ 

FIG. 1C shows various illumination regions formed on the ^r "TrG IctT ^ ^ 6 " 
0 rectangular exposure region 21 on the wafer 7 and exposes thTnh JJr 1 u the ,llum,nati °n «9ht IL1 illuminates 
r ^on21is.ongerinmer»n-scanningdirectionKS^ 

effective exposure region 20. which is conjugate with Zm. c,rcums cr.bes the arcular boundary of a round-shape 

jHum.nat.on light beams IL2A. IL2B. which do not expose toll^J^ T 1 ?' d6S "* the AX. Also. 

7 ,o form illumination regions 22. 23. respective* Sumfnati^ « ^ ? ' 3re directed ,oward «» *afe 
re gion 21 form around-like illumination region ZmZZEZ^TT 1 3 ^ the '"^gular exposure 

Therefore, during the scan-exposure operated ESSE? ar e * rtw eXposiJre re 9 io " 20 
sy mme«ry as a whole, and the £L in iffS^oS^SSSK ^ ^ h ' 9h 
manner. Asaresult. energy density distribution in the glass ^Sl ""um.nated in a relational* symmetric 
.ion oftheiDuminatfon light, has relatively high ^^^J^^^^ h ^ e ^^^^^apor. 
tion in the projection optical system 6 can be ££2 ^ E£?7*Z* ro,afional, y ^symmetrica. thermaTdistor- 
.pticat system 6 can be reduced. In this ca^J^T^T^^T 5 Ir*' 0 ' 15 h ,he 
th at the total area of illumination regions 17. 19 on the reficte fwm«^ ^! ! a °enrat.on fluctuations, it is preferable 
th e light sources 3A. 3B is equal to or greater than E^l^?££2***^^ ^*»n 
jHe illumination region 18. « nar or me area of the effective illumination region 14 excluding 

00 The illumination light beams IL2A. IL2B *,w,r-v, =r . 

illumination regions 22. 23 on the wafer 7 wSLS^JE^*^ *" regions 17. 19, i„ urninate 

do es not expose the photoresist on me wafer ^illumination light beams IL2A. IL2B 

reticle 4 is transferred onto the photoresist on the wafer 7 the illu "«"" a «on region 18 on the 

In addition, in this example, the illumination light beams IL2A IU>B from »,« .- k. 

* a s al-gnment sensor light beams for aligning the reWeTSftc ,Jt£ ? *T ^ ^ ""^ 3A 38 «" «■*> be used 
13 B of TTR (thrcugh-the-reticle) image process,* iJpeTe a^Sd 7"'" ^ 1A ' ali 9nment sensors 13A. 
beams J12A IL2B are directed toward regions on V%™£Z2"L £™ J* 4 ' and the *«"*«ton lighi 
llS ing the al.gnment sensors 13A. 13B. the positional devStionl^Th I*** marte 1 1A ' 118 are fo ™ed. Then 
marks 11A. HBaredetected. In this case, a ^Me^^t^r- ^ ,2A ' 128 relativa «° »e reticle 

so rnent sensors 13A. 13B may detect the reticle marks 1 K ^ ? f ° r the ali9nment sensors - The align- 

In this example (and in the following exarroS i thl h * * m3rks 12A ' 128 separately. 3 
tne -ens g.ass material which ^1^^^ * be absorbed in 

the lens coatmg layer instead of the lens glass material X,6nL However - H can be absorbed in 

36 {Modified first example 

jection optical system 6 without passing through the retideT"^. T ' 9ht SOurces 3A 38 ente rs the pro- 

symbols, and the explanation thereof are not repeated here are 131)611611 by 106 same reference 

soured ^.ll. S^tS^JSlSS ST " f 7A «be -ight 
negative X direction sides of the reticle 4 wS^ST' 11 "' **' are instal,ed a * « h e positive and 

* denser lens 9A and is reflected by a mirror 33 A S * ^ fr ° m ,he li9ht source 3A passes through a corn 
Son.ight.L2A to guide the lightSTr^ 

source 3A. 3B do not pass through the retideTrToSr rSo^ on r^'T ,L2A ,L2B from *e light 

optica, paths of the light beams IL2A, IL2B asaimSo^ toZZ " ,he rebC,e 4 ,hat are de,ined b V tracing back L 

* shown in thedottedlinesin FIG. 7A. ^T^^Zln^Zr^ ^ ^oidal-sVs as 
button generated by emission of the light beams towardTe l^ZLt * embod.ment. the thermal energy distri- 
symmetry. Th te can reduce f,uctuation\ .n aber^^^ 



8 



EP0 823 662 A2 



5 



This modified example is effective when the mirrors 1 fiA 1 rr ^ ar ,™* u 
as in the first example due to space or «Z£ 'IS^SEZSZ * *"* * retic,e 4 

nation light IL1 may be scattered by the n^SHSS^^' » 2 ^ examp,e ' a P 0 * 0 " °» "» "k"* 
nation re 9 ion 1 Sonthere«c,e 4 Jmed%T;^ 



Second example 



picas' ^rnjsss ^t^ztr^r^ inventon 15 d ~*- * 

,„ selectivity, etc.. are used to cr'eaie s^eSS^^ E 3 ^ «"—»* 

tern, "me basic configuration remains the same as ™ irs? 2*2S£?E ? T * n the projection °P tical S V S - 
those of FIGs. 1A to 1C are labeled by tS^ame rlScT^LT, , * 2 °' the "^enls similar to 

repeat^ here. A ,sO h some components^ 

through a relay lens 41 and enterTa^denseHeiT^ 7 ' ba <=°™s a parallel beam 

beams IL1 and IL2A are linearly P^^lZemeZa^^^^^ 8patar 42 '"^nation light 
..... IL2A .of ««rt«n8lt..a2, which ctoM not irSSSS^^T 1 " "f"'^- 42 - Anolhor """*«ation Dght 

3A. and becomes a parallel beam through a SaySHS 1 iSS,^ V emitted f ™ a light source 
go tion beam splitter 42 in the direction pamendfcSw toVe nr^S^!?°2i^^ ' S d ' reCted toward *• a P°< ari «- 
nation light I L2A that passes through 5^2j^bimSf« d-recfon of the illumination light ILL The illumi- 
by a mirror 44. Then, ft goes baSZTg £Z ESSSS El « ,* 'I WaVe ' en9th P ' a,e 43 ^ is re,,ected 
beam splitter 42 as an s-po.arized I beam , The ^Z^ n J vZ^T ^ 43 and the P°'a"**on 
splitter 42. and is combined with th SSnJKS l7l1» S a^ITJ^ " re,,eCted * the P«*^*n beam 
2S tion tight beam IL3 is guided toward theTS " TL S^^^ISTT "V"? ^ ^ 

between the polarization beam splitter 42 and the oandLnStaTu £ it wavelength plate 45 is placed 

polarization before impinging on the reticle 4 Thfe ZZSEZJZ? 1 '"ummation light IL3 acquires circular 

pattern on the reticle 4 changes P 65 eXCe " em e * P ° Sure resu,te «™ » »» Section of the reticle 

A field stop 48 having wavelength selectivity is arranged iust above th* r»»iri» a t*. 
tion regions on the reticle 4 for the illumination tight beamL IL TVfZ?* I ^ 1716 ,,eld ^ 48 defines illumi ™- 
f ield stop 48 is composed of two types ^SX^SS^]^^ T "T^T i,,um, '" ation «*» The 

FIG. 2B is the plan view of thefield stoo 48 An^ES^^ST- wave,en 9 ,n selectivity, for example, 
non-scanning d,VecL<Ydi^ 

mination light IL1 in this case) is se ectivelv transmW^ fZ! «h 2 ™* " 9ht beam <" wavelen 9 th « ffu- 

«-<yofthe^^ 

mination region on the retide 4 for the illumination lioht in Z J<w T , „ d,reC,ly """Pon* to the illu- 

onto the wafer 7. °' me pattern on the reticle 4 that is inside the optical filter 50 is transferred 

on the glass materia, in the prcjectioTo^^ °* the tt1ermal energy density absorbed 

reduces fluctuations in aberrations hS^JSSiiSLSn Symm6tfy ar ° Und ,he ° ptical 3X18 AX ™ a 

gfcssnuaerialhassigntiicam^ 

best image plane of the pattern in a direction SmSSZ Z2™ ,^ " <he mefidi0nal dlteC6on and 1,16 
axial direction at the center of the exposure SSIS^S^S^S^ d, '«*°"™y be separated in the optical 
■center-astigmatism-Thisexar^leo^ Th ,f astigmatism is referred to as 

ations in aberrations, such as this "certW-asSmatisT^ £L ^ 9 SUCh r0ta,ional -V™** in f luctu- 

when an arc-shape exposure region ElSKi^^ 

ofth^stop 0 ^^ 

c-^X^ 
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wh ole. in this example, the pattern made the annular filter 50A is projected on the wafer 7 via the nroiprHn h , 

tcr n 6. Also, emission energy, whose distribution is symmetrical around the opticalaxis AX is ?2S 
oP tical system 6, thereby reducing the aberration fluctuations. supplied to the projection 

If the first example of the first preferred embodiment above is usnri h»ro i„ 

^is sacond ..anpte. «, 6 opto! liter 50A cm ma, bY S r«£d» <£ ™£2 ?„ ^* Z^ETT » 

accordingly, the illumination light beams IL1 . IL2 A canbe SfcienT cSineT ^ " ° 45 " " iC ~» 
According to the second example of the Dr^ntAmh^Hin,^ . t T 
^ e first combirHri through me^^^ 'L1. IL2A 

L the field stop 48. In this case, the field stoo 48 allows 7n,^'^Z,! .^. '' 9ht 15 9UK,ed toward reticle 4 
Srfon 50. Therefore, the pattern image oTftfr^SeSw ^ " lummat,on "** IL1 *» P<» the first transmissive 
& £to the photosensitive sutetrate 7 ( * ^ 4 oorres P ondln O *> only the first region 50 is transferred 

system 6^^^^ 

Sh, IL2A passes through the second rSS Z£ S?f ™ ,1? LT? ,he mask 4 and the Rumination 

^comesasubstantially^^ " lumina « on "*« <*>• «* 51) 

3 " onto lenses in the projection optical system 6 to hT^Ll^ energy b Y emitting beams 

S a mp.e of the first'enUfim^ * •» ~ as the first 

ess 

light even more symmetrically. 6 er9y 9 enerated fn *e lenses by illumination of 



1$ 
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Third example 



tion Xst:*s 

plate is MM between the projection optica, system and Sl^SSE? SEL" - ' ,BhW * Un " 

„ ernb^mof*^ 

* toresist. is emitted from light source 1 A and l\^SX^^fZ^l^ " « the ph °- 

illur nination region of the il.umination light IL1 on .JS *^£S!!!Z X 41 ' eXamP ' e " * e 

reoion 18 in FIG. 1 B, but a circular froIinH^ ofte^I ;nT I rectangular shape, as in the case of the illumination 
iS of the projectio^S ^SSm 7t ^^1^"" WhiCh j S «* th * •*«*• «W~ 

5 shielding plat. 71 arranged abS me wafer 7 9W ' L1 haV ' nQ SUCh 3 CirCU,ar ™«aion enters a light- 

isrec.ngu.ar.sbapedande.ongat.a-ong^^ 
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in addition light-shielding portion 72 is formed to surround the transmissive region 73. Of the illumination light IL1 enter- 
^ *S5S ' 9 71 »° nly ^ '^^^through the transmissive region 73 illuminated I Z er 7 TOs 

* According to the present example, only the image of the pattern in the desired rotationally asymmetrical reaion 

(rectangular reg.on ,n this case) on the reticle 4 can be transferred. This can simplify the confZrationrmSr^Hnn 
op^system defining the il.umination region for the illumination light ILL Z. ^elg^ce S US ZS 
embodiment. Therefore, the components, such as extra light source and condenser fens etc. whfch are nZ^Jt £ 
fhe example of FIGs^ 1 A to 1 C. 2A to 2C. and 7A. 7B. can be eliminated. In addition, sinceonly a Tght-shi^nSe 

10 needs to be prov.ded .n this example, its construction and adjustment can be simplified 9 P 

in th.s example since the illumination light ILl from the light source 1 A illuminates a rotationally symmetric reaion 
,n the project-on optc^ system 6. the ^ 

system 6 has h.gh rotational symmetry around the optical axis AX. This helps drastically decreasinVateSnsS, 
the thermal distortion of the glass material in the projection optical system 6 aecre a»ng aberrations due to 

15 H a htTe.d!n^ 

light-sh.elding plate that has a des.red transmissive region corresponding to a particular exposure reaion Also a flid 

in this embodiment of FIG. 8A. if a f inHe distance d1 exists between the wafer 7 and the light-shielding plate 71 for 
90 Ifer 7 Z^l"*' •'l 6 ! umna ^/ i9ht ma * be undesirab| V scattered by the light-shieldin? Tptete 7 "d m us ie 
£1 «n k I? m '" ated ^ ,he b0ardCT ' ine °' ,he illumin ation region on the wafer may be b^ed) This 

? ! ™ * 1°^ ^ 9 li 9 ht - shie,di "9 ^ 80 (or member 80) in the vicinity of the reticle «25 con! 

sn ^ r Tf« to / ? re « de ° n the ,ight side 7116 member 80 has ^t-shieC bete r j <s ^ 

width d R = 2p dl • tan 6 (where p is a projection magnification, such as 1/4, 1/5 etc and sine 6 is the 2™! 
84. 85 should be positoned at the both sides of region 81 which is conjugate with the exposure region on the wafer? 

zssssssss *• - " » ~ •» — — * .*» «. sssrsz 

FIG. 9A is a cross-sectional view of light shielding plate 72 and wafer 7. A portion of the wafer 7 between points 7A 

30 Z ^rrL 0 "* £ ^ m Shie,din9 be,t 85 0f wid,h d * ™ erefor * •» »9W »"n*J2 S^oTon UJSS, i 
Ll^n * between the ^n S m,ssive region 73 and the light-shielding belt 72 is arranged above th °mM poTn?7C 
between the, pants 7A. 78. and the light-shielding belt 84 is configured in the same way. the BgM-sWeZgS 2f 
does not produce undesirable scattering described above. Since the width d R of the lightLeW tab* M 8o S nor 
many much smaHer than the diameter of the circular member 80. the lenses* the pS SX^ TO 

3S 8A are Hlum.nated in a nearly rotationally symmetrical manner. This is sufficient to suppress JSkS^S^S^ 
inthethirdexarnpleofthefirstp^^^ 

£££££ T°" T! L1 il,uminates a mask 4 - There ^ e - a baa ™ - a 



40 



Sample Calculations I 



Next, reduction of aberration fluctuations in the projection optical system in the above preferred examples are dem- 
. ZSi StoTJSSI '"I 3 tem P erature rise due tc > '"^nation energy is calculated. ISSSSSt 
" S e^S'Jl ^iS! ' n t th l pr0,e< * 0 1 n ^ s ^ em 6 is approximated by a cylindrical shape. Also, it is assumed 

ISS^SltlT* Tk 3 metel and h6at fl0WS ° n,y ,hrou 9 h ,he ° f the le " s (~ ^at leakage from the 

surface of me lens to the air). Representing the distance in the lens in the radial direction by r the yawing angle bv « 
the resultant temperature distribution by T(r. „). the heat absorption amount of the lens per unit ™££ by of? If *. 

m t=:s^ 



55 



ar 2 Va* 2 + ^~- °- (1) 



This heat conduction equation (1) has the following formal solution: 
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T{r,<b = E£c ( . • JJj, v) co S („# 
5 ' -/ - (P '- r) (2) 

where. J n (p to • ,) is the nth order Bessel function of the first kind fn=0 12 ) and o u i ■> m 
i0 isfyma • a)=0. The coefficient^ is det^^ 

a in 

I I ( 1 ^ y «&V r > " ™*in<hrdrd0 



,5 - (3) 



45 



55 



for n= 1,2 andforn=0, 



3* 



The coefficient is determined by the following equation: 

/ /( — T— ) /pCP„v> * sin(n<p)rdrd<fi 



(4) 



■ a lr . 1 (5) 

„ and the unit of r the distance r is "mm". ' UnrtS the tem P e «ture distribution T(r. <p) is ~C" 

nr,<f>) = r"" eos(«0 



where i= 0, 2,4, 6, ... . 

embc^n^^^^ ^ **' (Le - r=0) - The e ««* of the first 

,n the first ca.cu,ation exampie. a r«*^£SSE^J" ^ "? ^ eBta *« ta 
on the reticle. The second calculation example an arc shaS m?,^f . *™*n region for the exposure light 

in the projection optica, system 6 is SEfi£ HE SE^KSTS ITS' "S**"* ** lenS 
cylindrically shaped with radius 40 mm and is madl oTn,^ c ( f t 3A ' 4A> 5A> and 6A) " 7,16 ,ens is 
W/(cm ..Q. The heat absorption rateTthTlen eTvl 22St £ .r^, ,herma ' conducBvit y * 0.0138 
can sensitize (expose) the photoresist ontlSfl.tlZS to te^Z ^ " " WaVele " 9th X1 " "•"* 

as heat absorption amount^ J in EESSSSj ^^3W4^Vi r ^ U,a L abS °' Pfi0n densfty * used 

,o determine the solution of the heat condSon e^ O) * "* ^ im ° ,he equation < 2 > 
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sun^S^ 

18 in FIG. 1B. Tn e recfcngu.Hr .^nation . JgL 2 end^te poST^ L f St.* - i,,Um '' nat ° n r6gi0 " 
■n the scanning direction and width DY=70 mm inthenon-s^inn^^ ' N 1 " N * 1135 width Dx =16.8 mm 

uniformly i.iuminate the region 62 with the toSS 

a^ht^^ 

direction. In FIG. 3B. me temperature distribuSn ^1 6 S^r^nTJT! ^ ^ ,he ™-**nning 
temperature at the interior of the lens is higher ZTt^l^L ^^^ ' S ° ,herms 63A <* * ith 0 02 °C. The 
resents distance x from the optical axis AX in s^anrfn dSn^* "1 ^ 4 * 58 6B ' the hori20nta, a "' s re P" 
the optical axis AX in the non-scanning direaio * a^^sothwrns^^oe^n ^ *^ s re P r 6sents the distance y from 
ature decreasing in the radial direction 'sotherms 63B to 63D therem have a pitch of 0.02-C with temper- 

<*ec^^ 

thepenpheryofthelensthatisaLy^ 

metric but there is strong rotational asymmetry near th^ opticaTaxis AX^at x -^o ^r^^O) nearly rotationaJly sym- 
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Table 1 





n=0 


n=1 


n=2 


n=3 


n=4 


i=0 


2.2045 xl 0" 1 


0.0000 


-2.4550x10" 4 


0.0000 


14452 xlO -7 


i=2 


-3.4345 x10* 4 


0.0000 


6.3423 x10" 7 


0.0000 


-3.3489X10- 10 


i=4 


3.9964 xl 0* 7 


0.0000 


-8.4516X10" 10 


0.0000 


3.1901X10" 13 


i=6 


-3.6972 x10" 10 


0.0000 


6.5133x10' 13 


0.0000 


-1.4221x10' 16 


i=8 


1.8007x10" 13 


0.0000 


-2.6076X10' 16 


0.0000 


21215x10- 20 


i=10 


-3.4325 x10" 17 


0.0000 


4.1 520x1 0" 20 


0.0000 


1.7302x10 24 



source 1. As seen from FIG4A, the illumination mSnSZZ^'fZ^*' ** *"*«*» »°m the light 

nation region 62. These illumination regions 64A 64B cont!^ thl » . * e left and r ' 9ht sWes * *• «'umi- 

illumination region 62 is inscribed. Also^ £ aTu'nSf^Se £ ESSK!" 62 S^," ** **» ° n Which th ° 

based on the results of the calculation series data B in thf Po ar ° Und ,he opt, ' cal 3x18 Also 

obtained and the results are listed in Table aTelow " ^ S-ri9S 6Xpansion < 6 » be 



so 
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1° 



2° 



2* 



$0 



3 5 
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Table 2 




n=0 


n=1 


n=2 


n=3 


n=4 


i=0 
i«2 
i=4 
i=6 
i=8 
i=10 


4.8298 x 10" 1 
-3.0498 x10' 4 
-2.5533 x10" 7 
6.3606 x 10' 10 
-6.1809 xlO 13 
2.0495 x10 17 


0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 


1.7294 x10" 7 
5.4971 X10 9 
-1 8367X10" 11 
2.5913 X10 14 
-1 5972 x10 1 7 
3.4875 x10" 21 


0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 


1.4452 x10' 9 
-1.4191x10- 11 
3.8936x10- 14 
-4.7191x10" 17 
2.6709x10' 20 
-5.6051x10" 34 



Comparing the temperature distributions of FIGs 3B and ar «,= «, . ---^ 
tiona. symmetry. Also, comparing Tab.es 1 and 2 when f^n o f^™ " FIQ " 48 has hi 9" er «*" 

optical axis AX (r = 0). in Table 2 is larger than ^Table 1 arS me »hf,7 ^ WWCh h ,he te ™P^ture at the 
Table 2 are smaller than the corresponding vales! TaW? l^SL^Sf ^' UeS 0l * e ^coefficients B in in 
the series values except i=0 is smaller in Table 2 ! taSSlifi fn"* 5 . in Va ' U6S ' When n " °- •» fact 
fluctuate 'ess. The fact that the series B jn values are S32n SEStEEl T 5 ** i,,Uminat,0n ,i9W 
rotational* asymmetrical aberrations caused by the illumination fioht SFJtf, ^ n =0 im P |ies t" 3 * *• 

that using the first example of FIG. 1 A rotationallv asvmmZ^ Ik « leSS - lheretore - this calculation shows 
the illumination light is reduced. ro,at, ° na "y asymmetncal aberrations, such as "center-astigmatism." caused by 

otthS:^^ 
5 A.^e S Sl^ 

illum.nat.on region 62 used in the first calculation mJndS^as^Z J*™ area as * e r «ta"Sular 

tion region 62. The purpose for using such curv^SfnrtS fedon J ft l 6 ^ 6 8ame Circ,e as the 
center of the projection optical system 6. For examl on es^fh may Wear in the 

8 .4mm from the optica, axis AX. The center 66 ST StaaSaS^ TJSSH Z** *■ Center r( * ion 
The em.ss.on energy of the illumination light IL1 at the leTei fe w l! ^ nCed fr ° m the optical 8x48 »/ d. 
L3 and L4 (or N3 and N4). which located near VhT^Zl V '' near dBtance DR bet *een the two points 

las-jhelinea^ 

ners of the annular illumination region 65 in the X dir^n^Omm ^ B } ' o ? W '° Cated near »» side co- 
tangent of the left arc of the illumination region 65 in S X dLSin nr ^"^ ! * e N3 " L3 ,ine an ° *e 
region of 8.4mm from the optical axis AX Fia 5A 18 set to 25 2 mm to avoid the circular 

r*^^^^ « -ens 61 after the temperature 

shown by the isotherms 63C of 0.02'C pitch. meTer^era^raS^ °" ,6nS 61 " ln F,G SB - - 

the non-scanning direction and shifted to the right SSSSSSS S^i? T ^ ShapeS eXlendin <> in 
series in this case are shown in Table 3 below ™ e Ser,es values in the Fourier power 







n=0 


n=1 


Table 3 
n=2 






ss 


i=0 
i=2 
i=4 
i=6 
i=8 
i=10 


1.6014X10' 1 
-2.4216X10 5 
-2.8996x10 7 
3.6629X10- 10 
-2.0179X10" 13 
4.2277X10- 17 


6.3301x1 0 3 
-1 .0578x1 0' 5 
4.9472x1 0' 9 
2.0428x1 0 -12 
-2.6958x1 0 15 
6.8976x1 0" 19 


3.3891x1 0' 5 
-3.7951x1 0 -7 
7.4108x1 0' 10 
-6.391 7x1 0' 13 
2.7273x1 0" 16 
-4.7047X10- 20 


n=3 
-3.3261 x10 6 
5.5797x10" 9 
-2.8098X10" 12 
3.1792x10* 17 
2.8736x10- 19 
-4.01 49x1 0 -23 


n=4 1 
-6.5666x1 0 87 
3.0172x10" t0 
-4.5946x10" 13 
3.3061x10' 16 
-1.1903x10' 19 
1.7651x10- 23 
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I-ILJ.6A shows the such a condition on lpn«5fii innr*e A *u .. . 1 
the semi-circular-Hke illumination region^^ 

region 65. In this case, as stated above, it is ^ to *ES ^ ' nSCribed ln the 

regions of the illumination light beams IL2A, u235i le^c2^!l TT **' 38 * Perf6Ct ' y ,rt the »""*«on 
pie, as shown in FIG. 6A, the illumination ligm beams Hi l^^^TT^ ^ h *"» Ca,cu,ation — - 
crcular illumination region 67B, respectively. TheTn^ *T?2T region 67A and the semi- 

points of the annular illumination region 65 in the X dS^JXSJ^ ^ Bne connectin 9 the two end 
region 67B is tangent to the annular illuminat to ^ JJlrt T' * * *" SGm ™<*«™ Nation 
the illumination light IL2A, ILSBofwavelengi™ "J^ci^S? abSOrpt,on rate at *• lens 61 with respect to 
regions 67A, 67B is assumed the same asS^^^'Si^ (^ photoresist through the illurnTnation 
FIG. 6B shows the results of the calculation in Sl^mS^^^ - *«" region 65. 
by isotherms 63D in FIG. 6B has better rotational i^^fS^S^ k d ' Mon shown 

ca.culat.on, series values B in in the Fourier power Zlm2!^S5^f ' *** °" ^ * the above 
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i=0 
i=2 
i=4 
i=6 
i=8 
i=10 



Table 4 



n=0 



3.2613X10' 1 
-9.3395x1 0" 6 
-4. 7485x1 0" 7 
5.3783x10" 10 
-3.1285x1 0" 13 
7.1741x10" 17 



n=1 



1. 9780x1 0 -3 
-9.7035x10" 5 

1. 9335x1 0" 8 
-1. 9862x1 0' 11 

1.0210x10" 14 
-2.051 7x1 (T 18 



n=2 



1. 8782x1 0" 4 
-6.8352x1 0" 7 

1-1 776x1 0" 9 
-1.0660x10" 12 

4.8154X10' 16 
-8.5698x10" 20 



n=3 



-4.41 63x1 0" 6 
1.8846x10" 8 

-3.2278x10" 11 
2.8311x10" 14 

-1.2630x10' 17 

2.2606x10" 21 



n=4 



-1 .4622x1 0 87 
6.0409x10" 10 

-9.7362x1 0" 13 
7.7335x10" 16 

-3.0439x10" 10 

4.7624x10" 23 



-JRSS TaWeS 3 4 " " 0t "* — B oo ^ also qu *e a few other B ln values in Table 4 „ , arger than 

In other words, in the first example of FIG 1A if an am c h» •» 
mentary illumination patterns 67A 67B the ^ shape,l,um " 1a *°n region is used together with the comole- 

rected. This means that rotX^ 

Therefore, when using an arc-like ^^^e^lT^^^T^L^ Coractod 10 a *™ent degree. 
In this second example of the first preWSImbcZen't ihVSS f . SeC ° nd 6Xamp,e 01 Fla 2A *°» 

aberration fluctuations on the lenses in ^pS^^lS^T^J' *" ^ distribu «°" "nd »e 
■llurmnation regions that are more fit in the are? h S ST, i TT* by prOV,ding *» elementary 
mination light IL1 . me Clrcular f ,eld of wew excluding the illumination region of the illu- 

The present invention is not limited to the application to th» nr„io^ 

the rotabonally asymmetrical exposure illuminationre^n ^ ^» li. 1 6 mask ' This ima 9 e is transferred onto 
tern is illuminated with light hav£g an ajS^fonX^ml^ 6 ^ ne P ro J ecti ° n sjs 

metrical first exposure illumination^ light SStS^ «ioss-secton as a result of combining*, asym- 
of the thermal energy distribution generated b ?SS2S!S * '""mination light. This increases the symmetry 
reduces thermal distortion and rotSa^ optica, sysim X 

fluctuation in a projection optical system car . deduced ' eiTac60n - ** a resu,t - the 

image of »e predetermined n«s k pattern onto »e pn^e^S. ^ ^tunSoT,^ 
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passes through only the corresponding first transmissive region, which is conjugate with a rotationally asymmetrical 
exposure region, and it transfers only the image of the mask pattern onto that portion of the photosensitive substrate. 
On the other hand, the first illumination light which transmits the first region of the mask and the second illumination light 
which transmits the second region on the mask both enter the projection optical system. The entire region, which the 
first and second light beams illuminate, is designed to have high rotational symmetry. Therefore, this can reduce the 
aberration fluctuation in the projection optical system in the same manner as the first example above. Also, this second 
example can eliminate the optical systems for defining the illumination regions of the first and second illumination light 
beams. 

Also, the first and second examples of the projection exposure apparatus may be equipped with a mark detection 
system that photoelectrical ly detects light from at least one of the two marks. One is a mask alignment mark on the 
mask, which is located in the region where the second illumination light illuminates. The other is a substrate alignment 
marks on the photosensitive substrate, which is located in the region where the second illumination light illuminates. 

When a predetermined circular exposure area on the photosensitive substrate or a region of a photosensitive sub- 
strate that is conjugate with a predetermined rotationally symmetrical region coincides with the field of view of the pro- 
jection optical system on the photosensitive substrate side, the lenses in the projection optical system is illuminated in 
a rotationally symmetrical manner with a maximum diameter. This improves the symmetry in the energy distribution on 
the lenses in the projection optical system. 

In the third example of the projection exposure apparatus above, exposing illumination light, which can expose the 
photosensitive substrate, passes through a region on a light shielding plate that only corresponds to the rotationally 
asymmetrical region on the mask to be exposed. Therefore, only the image of a pattern in the asymmetrical region on 
the mask is transferred onto the photosensitive substrate. In addition, since the exposing illumination light illuminates 
the almost rotationally symmetrical region on the mask, the symmetry of the thermal energy distribution increases in 
the optical system. In the present example, since only one illumination light illuminates the mask, lenses in the projec- 
tion optical system are illuminated with photo energy of a single wavelength light. Thus, the thermal energy absorption 
amount is evenly distributed in the lenses of the projection optical system, decreasing the thermal distortion of the 
lenses and aberration fluctuations of the projection optical system. This way, additional light sources and illumination 
optical systems, etc. may be eliminated. 

Second Preferred Embodiment 

First example 

In the following, a first example of a second preferred embodiment of the projection exposure apparatus according 
to the present invention will be described with reference to FIGs. 10 through 12B. This example is one in which the 
present invention is applied to a "stepper" type projection exposure system that projects a reticle pattern through pro- 
jection optics onto the shot areas of a wafer. 

FIG. 10 is a simplified schematic diagram showing the configuration of the projection exposure apparatus in this 
example. Projection exposure systems, such as the one in the example of FIG. 1 0, are provided with three light source 
units (two of which, light source units 201 and 202, appear in FIG. 1 0). During exposure, first light source unit 201 emits 
illumination light IL1 of wavelength X1, which can expose the photoresist on wafer 213. Second light source unit 202 
and third light source unit 203 (not illustrated) emit illumination light IL2 of wavelength X2, which can not expose the 
photoresist on wafer 213. In light source unit 201, the light emitted from light source 221, a mercury vapor lamp, for 
example, is converged at a second focal point by elliptical mirror 222. The light is then incident on an interference filter, 
etc. (not illustrated), as divergent light. The light extracted by the interference filter (e.g. i-line, X=365 nm) is illumination 
light ILL Next, illumination light IL1 is formed into a collimated beam by input lens 223 and is incident on fly-eye lens 
224, which acts as an optical integrator. Each of the exit surfaces of the lens elements of fly-eye lens 224 serves a sec- 
ondary light source, and these secondary light sources together form a planar light source. Placed on the exit surface 
of fly-eye lens 224 are a plurality of switch-selective aperture stops 226A - 226C (FIG. 11 A) for adjusting the size of the 
planar light source. These aperture stops 226A - 226C are formed to turret-type turntable 225, which can be rotated by 
drive unit 225A to set the desired aperture stop at the exit surface of fly-eye lens 224. 

FIG. 1 1 A is a plan view showing the specific configuration of the aperture stops in turntable 225 of FIG. 10. In FIG. 
11 A, three aperture stops 226A - 226C are disposed around the periphery of turntable 225 at equal intervals (equal 
angle intervals). First aperture stop 226A has a circular aperture that is used for normal illumination. Second aperture 
stop 226B has smaller circular aperture used for illumination with a small coherence factor (<r value). Aperture stop 
226C has a larger circular aperture. In the present example, when annular illumination (annular illumination) or modified 
illumination (modified illumination) is performed, this third aperture stop 226C is positioned at the exit plane of fly-eye 
lens 224. That is, for normal annular illumination, annular aperture stop 226D shown in FIG. 1 1 B is used, while for mod- 
ified illumination, aperture stop 226E, which has four small apertures centered around the optical axis, as shown in FIG. 
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1 1C, is used. In this example, however, aperture stop 226D, etc. is used in conjunction with guiding mirror 205 (to be 
described later). In FIG. 10, the system is shown with third aperture stop 226C placed in the illumination light IL1 light 
path. 

Referring to FIG. 10, illumination light IL1 passes through aperture stop 226C and is directed toward field stop (ret- 
icle blind) 228 through first relay lens 227. The field stop 228 determines the range of illumination. This illumination- 
range-determined illumination light IL1 is emitted from the light source unit 201, and passes the periphery of guiding 
m irror 205 through second relay lens 203. The guiding mirror 205 is constructed of four mirrors 206A - 206D (only 206A 
and 206B are shown in FIG. 10). The four mirrors are arranged in the faces of a four-sided pyramid centered on optical 
axis AX of the illumination optical system, with the concave end (the base of the pyramid) facing toward second relay 
lens 203. The reflective surfaces of the four mirrors of the guiding mirror 205 face outward, and are tilted at an angle of 
approximately 45° relative to optical axis AX of the illumination optical system. The top surface of guiding mirror 205 is 
positioned to be conjugate with a plane at which aperture stop 226C is placed. Illumination light IL1 that has passed the 
periphery of the guiding mirror 205 passes through condenser lens 209 to be incident upon the reticle 21 0. 

FIG. 12A is a plan view of guiding mirror 205 of FIG. 10, as viewed from the reticle 210 end. As shown in FIG. 12A, 
mirrors 206A - 206D ail have the same size and shape, and are arranged and mated to form a four-sided pyramid with 
its vertex located at the optical axis AX of the illumination optical system. Also, the combined outline 217 of the bottom 
surfaces of mirrors 206A - 206D forms a circle that has its center along the optical axis AX. These elements are config- 
ured such that illumination light IL1 passes through the annular-shaped area 215 formed between outline 21 7 and out- 
line 216 which is the outline of the image of the aperture in the aperture stop 226C of FIG 10. In other words, guiding 
mirror 205 also functions as a annular-shaped aperture stop (annular aperture stop). 

Referring to FIG. 10, the guiding mirror 205 can be taken out of the optical path of illumination light IL1 , and can be 
replaced with a different mirror. This operation is performed by retract-and- replace unit 208. 

Second light source unit 202 includes a light source for "non-exposure light" and a lens system that directs the light 
from that light source as a beam having a specific divergence angle. Illumination light IL2 (light that cannot expose the 
photoresist), emitted from the light source 202 placed above and to the left of reticle 21 0, is collimated by relay lens 204. 
A portion of this light is then incident upon mirror 206A of the guiding mirror 205 in a direction perpendicular to optical 
axis AX of the illumination optical system, and is reflected downward therefrom. Illumination light IL2 that passes under 
mirror 206A are reflected by mirrors 207A and 207B to be incident on mirror 206B of guiding mirror 205. The light 
reflected from mirror 206B enters condenser lens 209 along with the light beam reflected from mirror 206A. Although 
not shown in FIG. 10, a third light source unit is installed to be oriented perpendicular to the page of FIG. 10, together 
w ith an optical system similar to the one constructed of light source unit 202, relay lens 204, and mirrors 207A and 
207B. The light emitted by this third light source unit (this light also cannot expose the photoresist, which is also repre- 
sented by IL2) is reflected downward from mirrors 206C and 206D (FIG. 12A) in the guiding mirror 205. Therefore, in 
FIG. 12A, this illumination light IL2 is reflected into the area of the inner circle of annular-shaped area 215, outside of 
which illumination light IL1 passes through. 

In FIG. 10, reticle 210 is illuminated through condenser lens 209 by both the illumination light IL1 that passes 
through the periphery of guiding mirror 205 and the illumination light IL2 that is reflected by guiding mirror 205. The light 
beams IL1 and IL2 pass through the pattern area on the reticle, and illuminate wafer 21 3 through projection optical sys- 
tem 21 2. The projection optical system 21 2 is constructed such that the pattern surface of reticle 210 is conjugate with 
the front surface of wafer 213 with respect to exposing illumination light IL1 . Since the photoresist on wafer 213 is not 
sensitive to illumination light IL2, only the image of the pattern on reticle 210 illuminated by exposure illumination light 
IL1 exposes the photoresist on wafer 213. Here, the pupil surface PS of the projection optical system 212, i.e., the opti- 
cal Fourier transformation surface for the pattern surface of reticle 210, is conjugate with a plane in which aperture stop 
226C is placed and the top surface of the guiding mirror 205. An aperture stop AS is placed at pupil surface PS. 

The wavelength A1 of illumination light IL1 and the wavelength A2 of illumination light IL2 are chosen depending on 
the type of photoresist used and the type of glass material used in the projection optical system 21 2, etc. Normally, the 
wavelength X1 is less than 530 nm and the wavelength X2 is 530 nm or larger. In the present example, the i-line of a 
mercury lamp is used for exposure illumination light IL1 . Alternatively, the g-line [X = 436 nm) emission line of a mercury 
lamp, ArF excimer laser light [X = 193.2 nm), KrF excimer laser light [X = 248.5 nm), or harmonics of copper vapor or 
YAG lasers may be used. For illumination light IL2, the wavelength must be incapable of exposing the photoresist, and 
preferably, the light absorption amount per unit area of the glass material and coatings used for the lens with respect to 
the illumination light 112 is close to that for illumination light IL1 . Accordingly, for illumination light IL2, if the coefficient 
of absorption is low, a high intensity light source needs to be used. On the other hand, if a lower intensity light source 
is used, its coefficient of absorption for the coating used on the projection optical system 212 lens needs to be large. 
One example of a possible light source for illumination light IL2 is the laser beam from an He-Ne laser (X = 633 nm). 

If the glass material used for the lenses of the projection optical system is quartz or other glass material that has 
good transmissivity for light ranging from the ultraviolet to near-infrared range, since these kinds of glass materials have 
fairly high absorption coefficients with respect to light having long wavelength of approximately 2 \im or greater, light 
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nerated by an HF chemical laser (k = 2.4 - 3.4 \xm), which uses chemical reaction of a hydrogen fluoride (HF) gas, 
<0 & y be used a illumination light IL2 s. Also, because non-quartz optical glasses contain impurities, some have light 
0*? sorption rates near 1%/cm even at wavelengths greater than 530 nm. Even such illumination light with an absorption 
^te near 1%/cm, however, is effective. Examples of such illumination light include C-line (X = 656.3 nm) from a hydro- 

(H2) discharge tube and d-line {X = 587.6 nm) from a helium discharge tube. 
^ | n FIG. 10, optical axis AX of the illumination optical system coincides with the optical axis of the projection optical 
5 stem. The Z axis is taken parallel to optical axis AX, the X axis is taken in the page and in a two dimensional plane 

^rpendicular to the Z axis, and the Y axis is taken perpendicular to the page. 

P Reticle 2 1 0 is mounted on reticle stage 21 1 , which is movable in the X, Y, and rotation directions by small amounts, 
w-ne precise position of reticle stage 21 1 is measured by an external laser interferometer (not illustrated), and the posi- 
-£>n of reticle stage 211 is controlled based on these laser interferometer measurements. Wafer 213 is mounted via a 
i& *' a f er holder (not illustrated) on wafer stage 214, which positions the wafer in the X. Y, and Z directions. The precise 
nsition of wafer stage 214 is measured by an external interferometer, and the position of wafer stage 214 is controlled 
^ased on these laser interferometer measurements. The wafer stage 214 moves the wafer 21 3 so that the center of the 
^pot areas of wafer 213 is aligned with the center of exposure o1 projection optical system 212, and then exposure is 
^erformed. These operation are repeated in a step-and-repeat scheme to transfer the image of the pattern on reticle 
P^q onto the shot areas of wafer 213. 

" the operation of the projection exposure apparatus of the present example will now be explained. In the present 
sample, as shown in FIG. 10, annular illumination is performed using aperture stop 226C having a large aperture and 
^uiding mirror 205. The annular illumination (or ring-band illumination) can achieve high resolution for a predetermined 
eriodic pattern, for example. Also, as shown in FIG. 12A, exposure illumination light IL1 (to which the photoresist is 
2 ^ensitive) passes through annular-shaped area 21 5 in a plane that is approximately conjugate with pupil surface PS of 
^ r pj eC tion optical system 212. On the other hand, illumination light IL2 (to which the photoresist is not sensitive) 
^fleeted from the reflective surfaces of guiding mirror 205, passes through the area corresponding to the inside of the 
r n nular-shaped area 21 5. If. with this illumination, illumination light IL1 and IL2 are pass through reticle 210 into projec- 
$ 'on optical system 212, the total illumination light made up of IL1 and IL2 will pass through a circular area in pupil sur- 
face PS °* projection optical system 212 that has the optical axis AX as its center. Therefore, not only the peripheries, 
ut tn e centers as well, of a lens near the pupil surface PS of projection optical system 212 absorb thermal energy and 
xperience temperature rise. For the lenses located near pupil surface PS, this will result in a large ratio of the 2nd order 
^omponent of distribution of the thermal distortion and index of refraction or the like with respect to the high order com- 
$0 nonerrts of the distribution. Since spatial distribution of spherical aberration of projection optical system 212 is approx- 
imately proportional to distribution of thermal distortion and the index of refraction or the like of the lenses located near 
' upil surface PS, the 2nd order components of the spherical aberration distribution also becomes larger, thereby sup- 
ressing the high order spherical aberration fluctuations in projection optical system 212. 

Although FIG, 10 shows the case of using the guiding mirror 205 for use in annular illumination, the present exam- 
4$ le is actually equipped with aperture stop 226E (FIG. 1 1C) and four-sided-pyramid-shaped guiding mirror 205A (FIG. 
i*2B) for use in "modified" illumination. When performing the modified illumination, retract-and-replace unit 8 of FIG. 10 
removes guiding mirror 205 from the illumination light IL1 light path and replace it with guiding mirror 205A. 

FIG. 12B is a plan view of guiding mirror 205A as viewed from the side of the reticle 210 of FIG. 10. In FIG. 12B. 
trte four mirrors 21 9A - 21 9D constitute guiding mirror 205A and all have the same size and the same fan-shape (sector 
40 jjke shape). These fan-shaped lenses are arranged with their sides mated to form a four-sided pyramid with its vertex 
coincident with the optical axis AX, and its convex side (the apex of the pyramid) faces reticle 210. The surfaces of mir- 
rors 21 9A - 21 9D that face reticle 210 are reflective surfaces. If viewed from reticle 21 0 side, the outlines of mirrors 21 9A 
21 9D together form a single circumference 21 6A with its center coincident with the optical axis AX. This circumference 
21 6 A is approximately equal to outline 216 of the circular area of FIG. 12A, through which illumination light IL1 passes. 
4$ transparent sections 21 8A - 21 8D are formed at equal angular intervals inside the circumference 21 6 of the outlines of 
rnirrors 219A - 219D. These sections appear as circles when viewed from the reticle 210 end. Transparent sections 
218A - 21 8D are configured so that a portion of exposure illumination light IL1 of FIG. 10 pass through them. Thus con- 
structed guiding mirror 205A is used in conjunction with modified illumination aperture stop 226E of FIG. 1 1C. 

In other words, in the present example, when performing modified illumination, retract-and-replace unit 208 of FIG. 
$° 1 0 removes guiding mirror 205 and replace it with guiding mirror 205A such that the apex of the pyramid is aligned with 
optical axis AX and points toward the reticle 210. Illumination light IL1 passes through the four transparent sections 
21 8A - 218D to illuminate reticle 210 of FIG. 10. On the other hand, "non-sensitive" illumination light IL2 (light to which 
the photoresist is not sensitive) is reflected from areas of guiding mirror 205A excluding transparent sections 21 8A - 
21 80 inside circumference 216A of FIG. 12B, and is directed toward the reticle 210. Because the upper surface of guid- 
55 ing mirror 5A is conjugate with pupil surface PS of projection optical system 21 2, a circular area on pupil surface PS of 
projection optical system 212 around the optical axis AX is illuminated by illumination light beams 1L1 and IL2. There- 
in in addition to achieving high resolution through the use of modified illumination, the high order spherical aberra- 
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tions can be suppressed. Moreover, non-exposure illumination light 1L2 does not affect the imaainn « 
When using normal illumination methods retract-and-renlaee unit r r*w^ «TL L ,magin9 charactenstics. 

nation light IL1 path, and replace it wrth apelSre "op S^mbTS Sf* ^ 05 " *** *° m ^ M 

cu.ar transparent portion in «s center 4assi.«^ 
ottr^t transparent por«on to ref.ec, iHuminafion , igW , L1 inc^ 



Modified first example 



FIG. 10 are labeled by the same reference numerals and the drtltod e ^ COmponents as in 

interchanged as compared Se c^Xrl^n F^o pJSZ T "* ^ ^ ** r6SPeCtiVe P 05 * 0 " 5 
or illumination light ILIA and illumination XhtET Shk'SSSf?! ^ ? 231 * p,, "" d at 816 'Section 
tion .igW beams ILlAand ll^raSp^ 
length^emitiedmroughthefields;^^^ 

polar.zat.on beam splitter 231 . and is converted to circu.ar-pola.ized W^wKS M^^^STX 
P-polarized illumination light IL1 A emitted thrnunh th« fi^in v. i- ul numier wave piate ^34. On the other hand, 

pupil arte. PS ol projection Mid svsttrnsij o.l ihSS r 5 »« plane th.l Is conjugate with the 

ST* trot, low souL unit M^TS!lSS ^^<MMM^ZS^S«Z°S'm-u' X '- "°"*f i °" " 9hl 
fn»n »ght «h,,o. nni, 202A UM. . nttllM . ? Z39, and illumination bght IL2A 

'^n.gNtUAat^Aw^ 
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j^r^wave plates 232, 234 and mirror 233 



The present modified example also provides for modified illumination aperture stop 237A to be substihrf^ w „, 

* Ure F G UB is a ibn • T ap P h ara1US (not i,,us *a»ed) similar to retratf£nd-ritaS u^^ 

FIG. 14B is a plan view of another wavelength-selective aperture ston 2^7A Xhi^h^=„K °' r , lu 
stop 237 of FIG. 13 in the case of modified iluminrtoah RG 1 4B^p£ie tSiSl^riHT "] "j**** 
oP tical filters 240A - 240D and circular optica. fitter 241 . Each of ^«K2S2££ ££tV%?T 
« m »° mumination light ILIA of wavelength «, but btocks ^SffiSiSE w^a^ST 

optical filter 241 occupies an area of aperture stop 237 excluding optical filters 240A 24n^ ! w^ The circular 
reS peC to iHumination light of wave.ength A2 IL2A. but b.octe Wui^W™££^ S3SE 2! 
^as a arcumference that is approximately equal to that of optical filter 239 of FIG 1 4 A TnS a ^ 241 
iO CL imference, four small circular openings spaced at ~Zi mJ~1.« TiJZlx ■ • ' inc,ude * near its outer cir- 
|ach of the four optica, fitters aSTSSTSSJ^ T» ^ ,he cir ^^rence. 

passes through the four optical filter m-lSS^!^^^^^ EXP0SUre illuminatio " "Sht IL1A 

Second example 

to 

the pupil surface PS between uDDer lens svqtpm 91 9 a =.™i ~ 1 * e ' 10 ' ,s P laced n ®ar 

,i,*^.«s^ 

eormpl. show, in FIG. 10, mirrors 207A and 20SA „ SUJ^S !^ ? »^ »""<» "SB- *■ *> t» «m 

in Mm* tfaonkn and inde* of M " >W»B B »d^^i^ 1 .^i^S'^ ^W-ttMuillon, 
nations in tha projection optical system 212 rsaueing the h.gh order spherical aberration flu* 

* tcea^SelS^^^ 

S nd ate „ ,^ t j, gh , IL1B - - sssirrra 
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Modified second example 



Illumination light IL2A of wavelength 2 (to JSSJSSSS, T w 212A and l0Wer l6ns S ^ em ™- 

mination light Li A of wavelength X1 (to wSfeh Se ohoC^ «nTv w ^ ^ S0UrCe unit 202A - and 
polarizatfon beam splitter 231^nd pSZhLJ SSS! ?hlt^Jf ^ 201 A are combi " ed b * 
formation in upper lens system 212A of p^Son tS£ istem 2!2 W Under9 ° eS 0PfiCa ' F<XJrier trans " 

, 5 As in the aperture stop 237 of FIG 1 4A *»2£ iTES^f^ !TL ent ° n apetture 24a 
' the illumination^ht ILIA (capable rt «oo^LS£! T * ' °* ™ Ma ' **** filter ,hat P 358 ^ only 
the illumination light IL2A SS^JJSJKSS^T ^ ^ 3 drCUlar 0pfical that passes onlj 
blocking type pup', fitter wtth^^SXn^ S,0P 243 funC,i0ns as a ce ""' 

cular area that blocks illumination light IU A a* S52 het^r c^""^ li9W passes throu 9 h «*" 
^ In this modified second «wJ«£rtw2cS^ i,,Uminate * Bler 213 " 

provides me same high resolution'realized 

tern 212B is inuminated with uniform intensity distrib^n hTT^ r~T„ 6 3,ass mater,al in ,ower lens sys- 

IL2B). Therefore, high order sphS abeSion SSS * J "'"™ation light of two wavelengths (IL1B and 
Hon of high order spherical S^tSSS^SZ tlSESf I *" ^ ™*~ 

^wOldescribeme'e^^^ 
Sample Calculations II 

assumed: The lens s approximated as a IZ^t^S^ ^ 1^ ° f thas ' the fallowings are 

air. Hea, flows out of th^ens ^1^^^^^^^^ Surfaces * tha ■« through the 
lens has rotational symmetry around the , optical aS AX iSSIT abs J p * on e " er9y densily disfri ***°n in the 
post-rise ternperaturedis^ 

volume and the thermal conductivity of the lere are 1m Tr^TrL^ . ' ^ am ° Unt ° f heat absor P«°" P<* 
---one,,™ 
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J^rTrHM (7) 



Solving this equation yields the following equation: 

r W = X>, ■ Jfrrf (8) 



Here, J n (p| • r) is the n order (n = 0, 1 , 2. ) Bessei f i mr*;™ #k« u.- ^ . 
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3, = 2 (9) 



10 In particular, when the amount of heat absorption a>(r) is expressed as a step function within the radius of the illu- 
minated area (illumination radius), i.e.. for each annular region hj < r < h j+1 (1 <; j <; N), <D(r) 8 a>, (constant), the following 
relationship is satisfied: J 



it « 



~ = ^"ji h j.i' J } (pr^- h j^ do) 



Therefore, the vaiue of coefficient B t can be determined by inserting equation (10) into equation (9), and that value 
of Bj can then be inserted in equation (8) to find the post-rise temperature distribution T(r). 
25 Next, to determine which order of aberration distribution is dominant, the post-rise temperature distribution T(r) is 
expanded into a power series of r (up to r 10 term) using the least squares method. This yields the following equation: 

T{r) = T 0 + C 2 *r 2 + C 4 - r* + C 6 * r G + C 6 - r 6 + C 10 • r 10 (1 1} 

30 m this equation, the post-rise temperature distribution T(r) is given in the unit of "°C W , and the variable r is given in 
the unit of "mm". Also. T 0 is the post-rise temperature distribution T(0) at the optical axis AX, i.e.. at r=0. 

The following explanation is based on sample calculations using actual numerical values. The "coherence factor" 
(the ratio between the numerical apertures (NA) of the exit-end of the illumination optical system and the entrance-end 
of the projection optical system) a is set to 0.75. The calculations are based on the solutions of heat conduction equa- 

35 tions (8) " 0°) in the case that a cylindrical quartz lens has the radius of 40 mm and is illuminated by an illumination 
system having a a of 0.75. and the radius of the illuminated area on the lens d is 30 mm. It is assumed that a coefficient 
of thermal conductivity for quartz is 0.0138W/(cm • °C), and the lens coefficient of thermal absorption coefficient of the 
lens with respect to exposing illumination light (to which the photoresist on the wafer is sensitive) is 2%/cm. 

First, for comparison, the following computation is performed for the case that illumination light has total illumination 

40 energy of 1 W, the a value is 0.75, and the lens is uniformly illuminated, as a first computation example. 

FIG. 17A shows the result of the first computation example for the post-rise temperature distribution T(r). In FIG. 
17A, the horizontal axis indicates the variable r, and the vertical axis indicates the post-rise temperature distribution 
T(r). As shown by solid line curve 246A, the post-rise temperature distribution T(r) has its maximum value at the origin 
(optical axis AX), and exhibits a rounded-hill-shaped distribution that is axially symmetric about optical axis AX. For ref- 

45 erence, the illumination energy density distribution P(r) of the illumination light is shown by dotted line 247A. The illumi- 
nation energy density distribution P(r) is constant for the r range between 0 and d (the illumination radius). Table 5 lists 
coefficients Cg - C 10 together with the temperature T 0 at optical axis AX when temperature distribution T(r) are 
expanded into a power series of equation (11). 
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T 0 (Post-Rise Tempera- 
ture at the Optical Axis) 


i 1.8182 x10 1 


coefficient: 




C 2 


-1.3450 x10" 4 


c 4 


4.4000 x10 8 




-9.9006 xlO' 11 


C 8 


8.2983 x10' 14 


c 10 


-2.0745 x10 1 7 



ison. The post-rise tempe^^ iS P ™ ded *» 

0.75, the value of a for inner circle defining th« m rSglsTs ?£££EZ£E? ""T^ 

of a - 0.5 - 0.75. end the total illumination energy is 1 W *"»*'«■ of the lens ,s unrform wHhin a range 

sho^by soL^ ^ S6COnd -mpfe. As 

r^e=;r^ 

C 10 are obtained by e^ing T( r) in StTZ^SKS 
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T 0 (Post-Rise Tempera- 
ture at the Optical Axis) 


1.0744 x10" 1 




coefficient: 




C 2 


-3.4231 X10" 5 




c 4 


2.7328 x10 7 




c 6 


-6.3961 x 10* 10 




c 8 


4.5319 X10" 13 




c 10 


-1.0513 X10 15 
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of above examp,es acting to the present invento?^ 

that the lens be uniformly S£ta art ^ZS' ♦ *T ° ^ the rans}e of 0 5 to 0 0 - * is 
byso^.i^ 

(optical axis AX), and exhibits a rourrted^h^^^n ( ° 35 115 max " nuni TC at the origin 
ence, Illumination energy ^^^^t^^Zt^T^'T ? ^ ^ F °' ^ 
a constant value P2 between r vie if e from d and conSS value fS S-TU b^een ^f*^ 0 " with 

ficientsC.-C.obtainedbyexpanding.etemperaturedi^ 
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T 0 at optical axis AX using equation (1 1) are listed in Table 7 below. 



Table 7 



10 



1$ 



T 0 (Post-Rise Tempera- 
ture at the Optical Axis) 


2.1736 X10 1 


coefficient: 




C 2 


-1.3821 x10' 4 


c 4 


1.7624 x10" 7 


c 6 


-4.0891 x 1CT 10 


c 8 


3.0128 x10" 13 


c 10 


-7.1235 x10" 17 
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n the first and second computation examples above, the total illumination energy is 1 W. whereas in the third com- 
putation exarrple. the .llumination energy of 1W is applied for 

computation example, s,nce the illumination energy within a range of o values of 0.5 - 0.0 is added the total Imination 
energy exceeds 1 W. This is because, in this way. the amount of illumination energy for -po^SSSSSTSS 
to which the photoresist on wafer 213 is sensitive) becomes the same in all of the three^mputation examples above 
Therefore, the exposure time (throughput) is the same for all examples examples aoove. 

Tahl « T^7T^l^°l^ eiirSt ^ amP> l (Unitorm il,umina,ion > «* th * ^cond example (annular illumination) in 
Tables 1 and 2. it is seen that temperature at the optical axis AX in the case of annular illumination is lower than that for 
unrform.Humination. Nonetheless, coefficiemC 4 in annular illumination is larger than that in uniform i.lumin^^^ 
x 10 for annular compared to 4.4000 x 10 « for uniform illumination). In fact, except for C 2 . the absolute values of all 
power seres coe«.c.ents m annular illumination are larger than those for uniform illumination Since f luctuation^n Ser 
mal distort.cn and index of refraction are proportional to post-rise temperature distribution T(r). f luctuatiore^eX 
ttons are also proportional to post-rise temperature distribution T(r). That is. for orders of pLer seri^oefSente 
higher than C 2 the coefficients are all larger for annular illumination. This explains why f lucSons tn Se hbh Jd J 
aberrations with annular illumination are greater than that for normal illumination 

fitnI^o ^ he i? i ?^ Uteti °ILr:r Ple ° f ' composit ° illumination- according to the present invention (as shown in 
Zr L, % " u f edto ' l,um,nate ih e area near the optical axis, the total amount of illumination becomes 
arger than that wrth uniform .nomination or annular illumination, as shown in Tables 1 and 2. Nevertheless the value of 

2.7328 x 10 ). In addrtion. the absolute values of coefficients C 6 . C 8 . and C 10 with composite illumination are smaHer 

In the third computation example, the illumination energy density at a values between 0 and 0.5 is one-half of the 
.Hummat.on energy density at a values of 0.5 and 0.75. In the following, another calculation for T(r) will beTestnteu to 

P3 in the third example, and the results are compared with the case of annular illumination of FIG 1 7B 

The total amount of illumination TP (W) which illuminates lenses in this case can be obtained by following equation. 



TP = (1 W • 0.75 2 /(0.75 2 



0.5 Z ) = 1.8W 



P9 ^ « p; ^atorKhip between illumination energy density P1 in FIG. 17A and P2 in FIG. 17B is such that 

ZfIg ' 1 7B 1 ^SSS y> " lu "™ natlon 1 with the i,lu ™ a «°" e"«rgy density as in the annular illumination area 

dinSl J fig KTr i Tl2 ° ^ ™ 36 " *" ° 5 ' thiS situa,ion is to "^nation energy 

densrty of FIG 1 7A except that the energy density needs to be multiplied by 1 .8. Therefore, since the power series coef- 

1.7821 x 10 1.4937 x 10 , and -3.7341 x 10 17 . respectively. When these coefficient values are compared with 
^an^hafin'the'ca^^of ^ ^'if ^ ^ een ^ na '[a^l 10U 9 n toe post-rise temperature Tq at the optical axis AXisq^Tkuger 
than that m the case of annular Hlum.natoon. the coefficients C 4 through C 10 are all smaller than those with annular iMu 
m,nat,on. In other words, when illumination is performed with composite light and the inside of the annul! Won (o 
range of 0 - 0.5) is illummated with the same illumination energy density as that in annular region (P2) Z 
in higher order aberrat.ons still become smaller than those in the case of annular illumination " u «"at.ons 
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In the above examples, the present invention is applied to a steooer-tvoe oroiectinn »v^. , 

,fon Z£ 1,6 T! ? scannin9 - ,ype projection exposure i^c^s^ZZ^T inven " 

^ that are eccentric wHh respectto the optical £^11^ exposing ■num.nation hght .s distributed over areas 
ca.system. B ecauseofthTsJrnproveme" ^ 

modified illumination. Also, when performina such effe«iv™,7 a ?■ 8 35 annular '"""Nation and/or 
invention, the area of the optical s^mTrough^h the ex^r!T T or r n ?« fl,ed "uminaBon of me present 
another illumination light that do JnofipS ?he ^hotoresi^ " 9ht *"* "<* P 385 ' fe " ,uminated *» 
i0 refraction fluctuations of the projection order thermal Portion and index of 

aberrations in the projection optical sS V 6Uppress,n 9 f '«*«tions in the high order spherical 

theillumination light from the auxlr^^^ 
,5 illumination light and the illumination light that doeT^^ 
p,ne^t is conjugate wi.thepupilsudace.^ 

^ face of the projection optical system. The imaging^™ aS " t*™ 1 ™"* * me P"P« 
projection optical system that are eccentric wffS»5£S22 2? £ areaS ** pupil surface of *• 

same improvement in resolution as Tn the leases V 5 a ^ a ^ e of this is «« it provides the 
lenses near the pupil surface of ttai£S^12E? .f ' f enter " b,ocW "9 *yp« pupil filter. In addition, 
bution by two typeiof illuntiSiSm T***™ illUmination intens ^ ^ 

five). This provides advantages in SfEK^E 52^?^* , ^ Photosensitive substrate is not sensi- 
reduced. and that fluctuation me^g SSSKSJKj? ^ * re " eCti ° n h ' ens <*" be 

In the first example of the second StodtaS S ™In,T 1 S^** 0 " ° PfiCal SyStem can be reduced 
from a light source distributed ^S^^^^T T"' ** USe °' illu ™a«°n light (IL1) 

conjugate with the pupil surfe^S^ «d lies in a plane tit is 

^ .illumination method. Therefore 3 high ^TSS^ST^^ 

which the photosensitive substrate £!?> i fliZSE 2 ° m 3 " aUX,Kary il,uminati °n system (202), to 
surface (PS) of the pmjecfonl 3* T °" 'T"^ diS,ribUti0n for ,enses " ear *• W* 

ma. deformation and the riSonSX 5l? ^EE^ST 1 '• du «*H> high order fluctuations in Z- 

light 014) is absorbed by the lens hCSSSUSjSl mgSSSEZZ T - "?"* 
same absorption rate as exposure illumination lioht rtLii iKEi « J COatl " 9 1 llms thereof - at rou 9 h| y the 

'-altofluctuationsinme^^^^ 

in high order spherical aberration of the ^ e^^^i*^* f 1 " 8 su PP ressi "9 the fluctuations 

nation JESS ISSESSTK 25 ■ itSSSSTr'T nate - mask (21 0) with a — -* 

axis (so-called annular and nJtouZZStZ S^SlKF 9 S ° UrC6S P ositi ° ned to the optical 

also has an optica, integrator (^T^^S^S^^^!^ T*" 1 ™ S i,,umination «*tem 

tern, due to optical member (205B) ^o^SS^^ST^ 9 ! Cen,er - b,ockin 9 P U P« » mthissys- 
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jected onto the photosensitive substrate (213). 
Jrtird Preferred Emhnriimon* 
Iporst example 



" P ,e. ".a^^^^ 

301 (a mercury vapor lamp, for example) and is cKSnlS SSlSSS, ^ emifled from a «*! source 

terence filter not i.lustrated. The illumination light IL of S ESZtZZSS 36^w " ,nPUl ,' enS 303 and a " inter " 
interference filter. Other than the t-fine. the emission lines fe aSZtZS? eXamp ' e " is extracted *» lhe 

15 monies of laser light of a copper vapo laser ^VAG lastr ^'^JS^'T*™ (e ' 9 ' KrF >' and * e 
Illumination light ,L1 is formedTnto a c^L^^^^^J^S^ *V 
^cts as an optical integrator. Each of-the exit surface nf »J J™T IT S ,nc,de,rt on %eye lens 304. which 
• " secondary light source, and these Lc^T^^^S^* ° *" ^ 304 <*" parted a 
stops 306A - 306C (FIG. 1 9A , for adjusting tne EKSSffX S^ST ^ S ° UrCe - A PlUrali * ° f a P erture 
of the fly-eye lens 304. These aperture stops aoeTSS a e *f*JS £E Si"!™" 3re P ' aCed °" the exit surface 
by drive unit (not illustrated) toTet the desEed aperture strain w « " rreMype turntable 305. which can be rotated 

FIG. 19A is a plan view showing a ^532^!!* "* SUrfaCe ° ,,,y - eye ,ens 304 - 
19A. three aperture stops. 306A - 3^cZT^T^2lZ^ll 305 * RG - 18 " FIG - 
turntable 305. First aperture stop 306A h« a!^2S£2 F^V***' ' nterVa ' S) arCund *• P***"* <* 
^ stop 306B hassmall circular aperture i^liSZSZS^J^^ ** T" 3 ' i,,umi " atio "- Second aperture 
has a largest circular aperture. In the ^esJ^^^^^^L^^^^^^^^aoBC 
this third aperture stop 306C is positioned m^^^o^ZT T" ormodified '""mination is performed, 
mination method, annular aperture stop 306C » sCn7 S 9B X T COnventional a "^^ illu- 
*a aperture stop 306E. which has four small JSlISnS Ta^dtl^ WMrtW modified i,lu ™a- 
3 ' used. In this example of the present invention howe^ Lrf^ rl^r * ^ °? Ca ' aX ' S ' 38 shown in F,a * 
perform annular and modified illumination indeed of »^,Z P 3,6 3 l°J t0 be described hta) is used to 

placed in the light path of the illumination light IL1 ^ ' " RG 18< the sto P 306C is 

35 enters partial polarization plate 310 through second ^tevT^no ,,f ,,,um,natlon area « defined, illumination light IL 
tion pfcte 310 is a so.al.eS Random ^^^ ^^J^rT^ M P *™ <*>^- 
A plane PS2. in which partial polarization plate 310 fe S^mT? • randomly ****** component as in natural light 
and is referred to as Illumination wSSSSiS!^ ^ "* *" « * e 306C 

FIG. 20A is a plan view of partial polarization plate 310 In FIG ?nA , t 

4(7 is arranged to substantially coincide wish the optical Ids AX ciS.fr T 01 * e P artial ******** plate 310 
polarized plate that only transmits the con^nSlsIf SStSS^ST ^ ar ° Und ° PtiCal 3x15 is a 
20A; it produces linearly polarized light oTof SSfSSSfi X 'T!^ * 4,16 -m *» in F,G - 

the region 325. only the linearly polarized ramponent fir^Td£«?^' *T ^ ° f ll,unlinaton ''Sht IL entering 
. Note that arrows indicate the direction in^TcTSeS * JTr£ arf ° WS) passes throu 9 h *« ra 9i°" 325 

* tion.) The partial polarization plate 310 ^SSiXSSS^^ ^ *• 0356 in the 'o'^descrip- 
side the circular region 325 and ci rc .e 325 A The l^rtnaten LwT annu| a^ shaped region 326 located out- 
randomly polarized light without any changes in teStoESlS? thr ° U9h the annular re 9 ion 326 a « 
326 is designed such mat r. is large" KC^2E&T2S5 1? ^ CirC ' 6 " ^ Shaped r *°™ 
FIG. 18. Also, as shown in FIG. 18. partial poto^KnT^ aperture stop 3 06C shown in 

5 " relation angle amund the optica. J?™££S£li^ JI£ "TV* ^ ° p,ical axJS ^ and ^ 

addition, the partial polarization plate 3 1 0 ^TtZZS^S^T? ^ r0tation driver ™- ln 

technique via the rotation driver 321. Alao^pSj^^^p^^T*^^ 8 ^ - ^^ 
illumination light IL. if necessary. ^ Polar.zabon plate 310 can be removed from the optical path of 

* circSer^ a ™-« illumination techn^ue. In FIG. 20B (bur 
,arinterva. S .Tneregion328a?oundtSeS 
is,ear,ypo,arizedinadire rt ion,ndicatedby.ran W ?^^^^ 
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•.MM^NM, p** Ja^onS pS^S^'^f™*" to the optical axis Ax. On 
n J ^TC^I^'p^f^^" <™ *» *f 3»A. 3 2 9B on both M We ^ 

direction perpendicular to the polarization direction deSS ££l2r!^^ ^J 9 * * rt * ' inearly P° ,ari2ed in a 
Therefore, the ..nearly polarized components tS?have pai^ou^ °' Partia ' P'ate 310. 

310 is blocked by the polarization plate 314 9h arCUlar re9,on 325 " P arta < Polarization plate 

zaton plate 314. can pass through polarStion p SfauTSn^ T 17" "! f ° *" P °' arized direction of P«*H- 
312 is conjugate wtth the surface of ~J^Jfft^£Z52^ ™* ^ Surface of the reticle 
The illumination light IL that passes through the iolaSn n.T^T ^ SyS,6m 313 under "'^nation light-IL. 
ide 312 onto wafer 315. 9 POlanzation plate 314 transfers the image of the reticle pattern on ret- 

Polarization plate 314 is 180" rotatable around the ontirai ^ a v 
plate 310. The rotation angle of polanz^pte^TaTolSS % f ! S,m " ar manner to th * Portal polarization 
322 through rotation driver 321 Relative angula reZ^n *Z£ ^ is °y rotation angle controller 

plate 314 is manned such mat ^Sl^^^^ 1 ^T*™ P ' ate 310 and 
chronously rotated, if necessary. HereVupil wrtecT™?Sl» P ™? * eaCh 0ther - Tbus - both P> a *es are syn- 
transformed p.ane of the pattern surface ^S^miSSSTS^X^ ™' ^ ° ptical,y F ™™ 
stop 306C and the pupi. surface PS 2 of the ItarfSS.inS^ ° plane °« ^re 

In FIG. 18. the optical axis AX of the ilium nZ^If ? * Part,al P° lar,za «on P'ate 310 is placed. 

The accurate position of wafer stage 316 is measured £ F^™* in the * Y - and 2 directions, 

stage 316 is controlled based on these ^J^^^^^^^ 0 "^' and *• Positian of wafer 
ing the center of each shot area of wafer 315 wShSe ^Z^ZT^ ° f Wafer s,a 9 e 31 6 tor a 'fcn- 

sure operation itself are repeated in a step-aX™^ ^ Sys,em 313 tha «P°- 

all the shot areas of wafers repeat techmque to transferee image of the pattern on reticle 312 onto 

inFIG^r^ 

tion plateSIO is placed attheoptica. path o? Sn^ 

fly-eye lens 304 includes all polarization components of ImiSt^f h, 1? "W' ,llum, ' nation «** "- emitted from 
pass through theregion 325 of the partia. SaSTplS 

2. Also, illumination light IL is transmitted MI?S2S£i^ is placed at illumination system pupil surface PS 
polarization plate 31 0 as «ndo^3SS2 CmsT ^h^IT" 326 periphery 01 <"* P"** 

respond toanumer^ aperture at ^ 
polarized. When the reticle 31 2 is illuminated w^uS 

early polarized beams, the linear polarized beams il^r»£ 5 ClUd,n9 random "y polarized beams and lin- 
face PS1 of the projection opticalTyS TZ - ^ ,enSes ,0Cated near *• P^l su, 
thelens. temperature rises nMo^yZmepe^^^^^T^ * abSO,bed in the ca "»er portion of 

order component relative to the higher ora^cS™!?? t « 1 ? P ° rt, ° n 01 lens - 7,118 inc r^es the second 
tion of lenses. As a result, the JffoSSSSES ESSX^ ^ deferma 

Polarization plate 314 whose oolarizen ri^vl spherical aberrations can be suppressed. 
310. is arrangedbetween ESSESSS^SZE^ 325 * Parti * »— 

selected by circular region 325 of partial ^S^SuL zTSS^^ 7* """P 0 ™"*, ^ich is 

does not form any image on the wafer 315 ' b 0Cked by the P 0,an2a «on plate 314. and therefore 

Since the po.arization plate is installed between the projection optical system 313 and the wafer 315 to Ho* the 
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1<> 



components of .llummatoon light IL that have passed through the center reoion 325 of th. , , • 
these components of illumination light IL do not contribute to iZZTrr!^ 1 6 partal P° lariza «°n Plate 326. 
components of illumination light IL Lt have pasTea^rouoh h™ ° n the " atar 31 5 ° n the othe ' ha "°. the 

^d the po,ari 2 a«on Ptete 314 9 contributeto^ 

that ,s esserrtally equivalent to the annular illumination technique uslg ^ ^ V££ « of a ^7'^on condition 

In this case, the components of illumination light IL that can contribu^. . 98 ' S ° t>tained - 

polarized. Abnormality in the images of lines on ZZisl7l^! ! ,ma9e f ° rmati0n on wafer 31 5 is ''"nearly 
example, theline width ofaline-and-spacepaTem^ 

,ion of illumination light IL. To avoid this problem du!S toe rXnn T ^ " neS and the P° ,ari2a «°n *ec 

tia. polarization plate 310 and polarization plate 314 * SS S if ^ronously rotates par- 
po.arizat.on perpendicular to each other. That is durino mmwmTZE , ■ 3 wWe mairrta,n ' n 9 the directions of 
314 are rotated by 180'. This way. above^^Xp^rcanKSS" ™ "* 

path of illumination light between polarizaC a£ 3 1 X waSsS^T^ *5 inStaMed 0 " the "»** 

16 18. Thistechnique eliminates toe above-mended dos^^^ 

the circular polarized imaging beam With *» tech "^e. 

instead of the quarter wavelength plate 317 ^oZ^l t^rl^T^l^^ 6 ^^^^ ^^ 
not require rotation mechanics; L rotl^n^rs^S^T^ 0 " f ? 31 ° a " d P ° ,anza,ion p,ate 314 *> 

Also, as described above it is preferable *L " cont '° ner 32 2 in FIG. 18 are not needed 

313 and wafer 315 so that alf he enSst ^S2SS5taK2i i!*"? Pr ° JeCli0n ° ptical s i 

component that has passed through region SEES Sa^n oTate 31^^ "* 4,16 POlari2ed 
nation intensity over the lenses that are located neaTthe SSElS 1 11 w distributi ™ 01 ««■* 

contribute to fluctuations in thermal deformation and the ind« ^e projection optical system 313 mainly 
, aberration. Therefore, considerable effecte ca^be ohtafn^ fraction. wh.ch .n turn cause fluctuations in spherical 

" ^ilsurfa^ 

opticlt^™^^^ 

3 ' center of the lens near pupil surface PS 1 illurSnn! oft *° ortho 9 onal ""early polarized beams. Therefore atthe 
of mis. the high order sXica. ^ a ' the periphery. .because 6 

at the annular shaped region 326 of the partial polanS iS^vc T^JfZ^^T^ " eedS to be reduced 
which can reduce light intensity, may be placed ^^i r ^ " ° ^ ^ m ^ 

- ™rp^ 

driver 321 shown in FIG. 18. The linearly polarized mS^Tn *e opt cal pato of illumination light IL1 via rotation 
328 (exduding four apertures 327A to 32^ ^SnSri»fc„ ^SS** ^ ^ ^ ***** 
329A. 329B) of parallel polarized plate 310B i°um?nate t* 9 ™ ? 3 ° {eXCM ' nQ ^ apertures 

40 PS1 of the projection optical system 313 of FIG. 18 Tnisr^ 

eariy polarized components are blocked by polarization platf 3 l4 Ms ilS^T*" Cal j? errations Mso - *™e the .in- 
to the conventional modified illumination techniques SSSl'iEh "T <l ^ *° n ' S substertia "y equivalent 

Particu.ar.y, when using partial rx>.arizatio7p^ 
olution can be obtained than using four apertures of FIG 20E rrtalEv J, H ™ srtuafons in which better res- 
i5 duces linearly polarized beams that are S^indSS on £2 Z? ^ P° lari2ati °" P' a te 31 OB pro- 
to the polarized direction, if a mechanismS ro at no Z^Zfj V directions Perpendicular 

provided, illumination beams are directed perp^ ,east 18 °° P^ exposure is 

terns of any directions. This illumination configuraS^ 

lar polarization plate, which polarizes light in ^annular E , t0 tne case ,nat *• 

illumination optica, system (L technique is Sb^"l " is instal,ed in tha 

effects of this technique are described in the Japanese ,££uS!5?2 pU n b " Cation No.06-53120). The 

When using a normal illumination techniqurapertu^Jto^ N °- ° 6 ' 53120 in detail - 

the emission plane of fly-eye lens 304. AttiTe^meta^ ZtZrZt* \ *. ^ F ' G " 19Ais p,aced in fr0( " ^ 
from the optica, path of i.lumination light .l1 SSKSESSjSSl S?i !° 31 ° B> " ^ 

mal illumination configuration polarization plate 31 4 may be moved away. This provides a nor- 

I^^VXB^^ P- - PO-arization plate 310 and 

31 0. no equipment may be placed in the regio^ £££££ SSSSSS" °' ^ ^ 
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Second example 
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present t^SE£Tll23 LT? 1 3 Pr ° jeC,i ° n -cording to the 

illustrated in FIG. 21) that is the m a riSTSSSlS^ " 9 ? "" fr ° m 3,1 i " Urninati °' 1 SK&S 
tiai potarization plate 310. In this exampie. pSJSSSSSS? 80 ' T 9 * C ° ndenSer lens 31 1 > 

system aiaJ^rS!^!^:^*^ ^Sr^T 313 ta -«« *» upper ,ens 

tial polarization plate 310 in FIG. 18, is placed ESS^S l^S^T"^ ^ 310C ' which is simila ' t° Par 

1S light IL that has entered the upper lenssystem SK^^ a « ^ 313 " ,,,umina «°n 

the partial polarization plate 310C. circular region 325A arourl ^ ? P 8 ™ Polarization plate 310C. On 

transmits the components ot light that is ^n^SSi^^^^J^T as a I— which 

shaped reg,on 326A, which surrounds the circular regtonSsA tranS^ T T *" aTO " s ° f F,G 21 *«*r 
nation light entering partial polarization plate 310C . £ linear ^^S^o Y P ° ,ar ^ beaTO as su *" 01 '''"'"i- 
„ reg.on 325A, and randomly polarized beams, which have c °«P°nents. which have passed through 

system 313B. Then, these light beams enter JStaETC S ^ h" t09ether enter 816 
l,ght (.nearly polarized in a direction orthogonal to toeSESJL i ^ adapted to transmits *• components of 
310C. The image of the reticle pattern on ££> 31 SCSSSSS" S ^ " P ° ,ari2atio " J* 
that has passed through polarization plate 31 4 In Thfe wSIt^. i " Bfar 315 by the lineaf ^ Polarized light 

gs zation plate 314 are 180- rotatable around theoptS STJ? ^^P*^™ 310C and the polaJ- 
mmng the orthogonal relation between meTespiS ££K ^ ^ "* eaCh ° ,her while 

fore th,s second example provides high ZSSi SsVTe « ^Jrf*" epfc- S/S,em 313 ^ 
are .llummated with linearly polarized components of n£*£SZJ% 1°* ** ' enSeS *' n ,ower lens system 313B 
tion wh.ch causes fluctuations in thermal deformation 1 ^SS* UneV6n i,luminati °" imensrty distribu 
result, the higher order aberration fluctuation component ^ the lens ' can be oppressed. As a 

In addition, partial polarization plate 3lOC^nH ™ « Projection optical system 313 can be reduced 
orthogona, relationbe ^^ are 180- rotatable while n^SLg the 

plates 310C and 314 by 180 degrees during expostTrmerob^mrf lhl ' b ^ nct ^ 0 ^ rotating the polarization 
„on of the periodic pattern, can be reduced. S^EKjJj ESS? .""f ' dep9nds on the di ">c- 
f L" 13 " !L PteCed 31 thS 0ptiCal betwaa " POlarizatio; 325?4 Sd^*,?/" 1 18 ' 8 Wave,e "9- 
Tfl ^, f St po{araa « on P ,a ' a are converted SSZSZI^SSJ^'S^ S ° that 816 ' inear,y P° ,arize ° 
n.sm for rotating partial polarization plate 310C and po Jizatior mtataE?* T^ 1 ™ 8 wa * with °* "aving a mecha- 

Tnri£S C " 0n * Peri0diC Pattem Ca " bS sotS P 31 *' the Pr0b ' em * abnormal width depend- 
bedemonlS^^^ 

The second computation example of the sample "SSta,?-^ Ca,Cula,,on 11 forthe ^ond embodiment above 
annular iPumination or pupil filter method "Tm ^^^*™^* to the casa - "sing the convenSS 

inurr*^ 

light by 18 times, corresponds to the case ^ JSS^IS^SZ P3 * n0B *»°*« illumination 

polanzahon plate 310A or 310B in the third emtadimL^ J es sentially corresponds to the case of using partial 
sample calculations I. above, the wSSSSSSZ ^r^^ ^ 0 "- as demonstrated inTe 

scan systems. etcO.inscan-typesystems.a^a^tiS^ 
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system and -is successively transferred onto each of the shot regions on the wafer by synchronizing the motions of the 
reticle and the wafer with respect to the projection optical system. 

According to the projection exposure apparatus of the third embodiment of the present invention, since a portion of 
illumination light other than portions of the light that are obliquely incident on the mask or obliquely emitted from the 
[jTnask is linearly polarized in a predetermined direction by a first polarization member. Then, such polarized light is 
flocked by a second polarization member. Therefore, the light beams that contribute to the image formation on the 
^ask are those obliquely incident on or emitted from the mask Thus, this technique is equivalent to the annular shaped 
gllumination or modified illumination technique. The effective imaging beams and the beams which are polarized in the 
jpredeter mined direction through the first polarization member together pass through the space between the first polar- 
ization member and the second polarization member. Therefore, the uniform illumination intensity distribution can be 
obtained in the lenses located near the pupil surface of the projection optical system placed between the first polariza- 
tion member and the second polarization member. This reduces the higher order fluctuations in thermal deformation 
^nd the index of refraction in the lenses in the projection optical system. As a result, fluctuations in the high order spher- 
jjcal aberrations in the projection optical system can be effectively reduced. 

Also, when the first polarization member sets a given polarized direction for illumination light that passes through 
ftlrie region inside the annular region around the optical axis or the regions excluding a plurality of regions which are 
eccentric to the optical axis, the effective imaging beams pass through the annular region around the optical axis or a 
plurality of regions eccentric to the optical axis. The thus produced effective imaging beams then pass through the sec- 
ond polarization member to form the image on the photosensitive substrate. On the other hand, the beams other than 
tifre effective imaging beams are blocked by the second polarization member. These beams do not form the image on 
photosensitive substrate. Therefore, placing the first polarization member at a plane which is conjugate with the pupil 
surface of the projection optical system is equivalent to the case of using the center-blocked pupil filter. 

Moreover, a driver unit for rotating the first polarization member and the second polarization member while main- 
taining a predetermined relative angular relationship may be provided. In this case, by rotating the first polarization 
member and the second polarization member during exposure, the possibility of generating abnormal line width in the 
t jrnage of a line pattern can be minimized. 

Furthermore, a third polarization member, which converts the illumination light that has passed through the second 
polarization member into circular polarized light, may be provided between the second polarization member and the 
photosensitive substrate, in this case, the possibility of generating the abnormal line width on the image can be mini- 
mized without the driver unit for rotating the first and second polarization members. 
$0 in a projection exposure apparatus according to the third embodiment of the present invention, when using the 

t>eams going out at an angle from mask (312) as effective imaging beams, first polarization member (310C) functions 
a s equivalent of having a center-blocked type pupil filter installed at the pupil surface. On the other hand, when using 
the beams entering at an angle onto mask (312) as effective imaging beams, first polarization member (310 or 31 OA) 
is arranged within the illumination optical system in a conjugate relationship with the pupil surface of the projection opti- 
& cal system. In this way, the mask is illuminated with a substantially annular shaped illumination or modified-illumination 
technique. 

Also, the effective imaging beams and the beams which are polarized in a given direction by the first polarization 
member are combined and together pass the space between the first polarization member (310. 31 OA, or 31 OC) and 
the second polarization member (314). Therefore, the light intensity distribution becomes uniform over the lens surface 
A° especially in the vicinity of pupil surface (PS 1) of projection optical system (313) arranged between first polarization 
member (310; 310A; 310C) and second polarization member (314). This decreases high order thermal deformation on 
lens surfaces in the vicinity of pupil surface (PS 1). As a result, fluctuations in high order spherical aberrations in the 
projection optical system (313) are suppressed. Also, the second polarization member (314) blocks light beams except 
the imaging beam. Accordingly, this invention provides high resolution on photosensitive substrate. 

& One of the examples of the first polarization member (310; 31 OA; 31 0C) is a device that transmits only a predeter- 

mined polarized light out of the exposing illumination light (IL). The exposure illumination light (IL) passes through the 
inside of the annular shaped region (325; 325A) around the optical axis, or the region (328) excluding a plurality of 
regions (327 A, 327B, 327C; 327D), which are positioned eccentric from the optical axis. If the first polarization member 
is the member (310; 31 0C) that selects a predetermined polarization direction in the region excluding the inside of the 

6 ° annular shaped region, this configuration becomes equivalent to the case of using a center-blocked pupil filter or per- 
forming the annular illumination method. Also, if the first polarization member is the member (31 OA) which sets the 
polarized direction for the regions excluding a plurality of regions which are positioned eccentric with respect to the opti- 
cal axis, a modified illumination technique will provide the equivalent. 

In addition, it is preferable that the driving unit (or system) (321, 322, 323) rotates the first polarization member 

^ (310; 31 OA; 31 0C) and the second polarization member (314) while maintaining a predetermined relative angular rela- 
tionship. The first polarization member (310; 310A; 310C) and the second polarization member (314) may be rotated 
during exposure such that the polarization direction of exposing illumination light which enters photosensitive substrate 



30 



EP0 823 662 A2 



10 



1$ 



?0 



30 



2. 

$5 



AO 



3. 



be eliminated. h addition. P becau i the ^^^1^^"^ ^'T^ SUbSfra,e < 315 >" ™ 
rotate while maintaining the predetermined aiwular ™iati^f 1 d 1,16 Second P o| a»*»tion member (314) 

member (310, can be accuracy *o^ZT S ^T^£^£* « * * a - Po-iiJ 

In stead of having such driving system (321 322 a . • . 

second potato** .ember (314 a£ Z^^^^^^^r betWeen 
wh,ch passes through the second polarization member « 141^^12. ^ h ,hat , ex P° sur e illumination light (IL) 
cular poter ized imaging beam illuminating photoi^iJSS^ £S^^ iMd ' i9h1 - ™ S provides a *' 
abnonmHty in line widmofarmsk pattern intepeSc 
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substrate toward the nJSXSSSlS^ 

the mask entering the projection ootical sv^fn^f . ^ > ° S,n9 radlation flux that has passed through 
of the a. least one ^^0^ ^X13 ^ IS? I"*- °2 ' enS ' * ^2 
ation flux that has passed through th lES^"^ ° Ptical the ^ing radi- 
tosensitive substrate; and exposing the image of the mask pattern onto the pho- 

«e^ 

least one lens in the projection optica. ^^IT^TT 0 ,,UX illuminatin 9 the * 

flux such that the resultant »m^%^^^^X1^^ * eXP ° Sin9 radiation 
around the predetermined optica, axis oHhe i^^^J^T^ r ° tati ° nal 

the photosensitive substrate. a»9nment mark on the mask and substrate alignment mark on 

alignment mark to derive the position of thVS £?JZ 22 a " 9nment mark and the sub ^te 
mentmark. meat least one of the mask alignment mark and the substrate align- 

in.aa.Mlhe photos.,^, sJ^Ute" ' " OTn ™ '«» » «~ « the p^eetion open.1 system at 

^"Wn^^hTtowwd'Ihe'm^l-'and 6 '"' Jm ' na '' c,1 an a the aecond illumination light and directing the 
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tvely transmitting the first illumination light and a second tr a n« m ,w 

second Nomination light, the first hMto ^2^^ *• 
ing the projection optical system through the mask to illumtoto^!!^ Jl transmissive portion enter- 
system, a thus il.uminated portion of the at teTst one ^ * Pr ° jeCti ° n 0ptical 
mined optical axis of the projection optical system m J f 3 ro ? tona ' asymmetry around the predeter- 
least one lens exposing the image o^e^H^^^Z^ T P3SSed throu 9 h the * 
Son light that has passed through tmwmS^SZS^ 1 ^ P 2° tosensrt,ve subs,rate - »» second illumina- 
through the mask to illuminate th atTi^en^co^m^^T^ Pr ° j6Cti0n s * stem 
ton light such that the resultant il.uminated poS of ESSES KE" * *• 
try around me predetermined optica, axis of^e^on^S IZ^XT^ Symme " 

5. The projection exposure apparatus according to claim 4 wherein at leact „« 

... . . iri™*"^™^ 

tn. id. 01 •» photos***,, suoa™, co "«* 1 "<""»'»'=f*ldolv, e w 0 l lhe p roi8a i on optical system a 

„ 7 - ^^^^ 

SSSrS 3 Predetermined ^ "* ** * a -ge of the mask pattern 

30 circular around the predetermined optic a l -L s a ^ ^ 9 creBMee *'" substantially 

from the projection °P«ca, system 'h^ 
3 jection optical system. ™a»°na..y asymmetnc around the predetermined optical axis of the pro- 

ing radiation passes through. P° r °°ns on tne pupil surface excluding the portions which the expos- 
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radiation flux Y reepect t0 the opt,cal 3X15 ,or '«"™nating the mask with the exposing 

a projection optical system having an optical axis and a pupil surface- 

^^^^^^^^^^^^^^ 

optical system; and astritxited to exclude an area indud.ng the optical axis of the projection 

3 o 16. The projection exposure apparatus according to claim 15 wherein th* no*;™* * 
oS 9 ^ 

17 - o A cc:xr a ^ r fon f,ux that * - - 

sure apparatus comprising: ^ S ' n9 '' 9hl to 6XpOSe a Photosensitive substrate, the projection expo- 

an illumination optical system tor i«^Hna \ZZT ^ haVI " 9 a " pupil surface and an °P*<*' «b; 
sources, which are suSnSFy £££ mS^I *« '™ a plurality of light 

face conjugate with the pupil su^te^jS o^a, s^m" W ^ *• 0pfc- "* at 3 
-Setonju^ 

^el^^ 

predetermined angular SCiSr 1 ^ member ar ° Und the 0p,ical — «*■ ^ing a 

''-•nathaspassedLu^^^ 
20. The projection exposure apparatus according to claim 17. wherein said effective exposing radiation f.ux passes 
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illuminating said mask with said exposing radiation flux- 
illuminating said mask with said first illumination light 
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31 . A method for fabricating one of semiconductor device, liquid crystal device, image pick up device and thin film mag- 
netic head by using the projection exposure apparatus according to claim 7, the method comprising the steps of: 

illuminating said mask with said exposing radiation flux; 

projecting said image of the mask pattern onto said photosensitive substrate through said projection optical 
system, thereby performing an exposure process. 

32. A method for fabricating one of semiconductor device, liquid crystal device, image pick up device and thin film mag- 
netic head by using file projection exposure apparatus according to claim 8, the method comprising the steps of: 

illuminating said mask with said exposing radiation flux; 
projecting said image of the mask pattern onto said photosensitive substrate through said projection optical 
system, thereby performing an exposure process. 

10 33. A method for fabricating one of semiconductor device, liquid crystal device, image pick up device and thin film mag- 
netic head by using the projection exposure apparatus according to claim 14, the method comprising the steps of: 

illuminating said mask with said exposing radiation flux; 

projecting said image of the mask pattern onto said photosensitive substrate through said projection optical 
2 o system, thereby performing an exposure process. 

34. A method for fabricating one of semiconductor device, liquid crystal device, image pick up device and thin film mag- 
netic head by using the projection exposure apparatus according to claim 17, the method comprising the steps of: 

2 5 illuminating said mask with said exposing radiation flux; 

projecting said image of the mask pattern onto said photosensitive substrate through said projection optical 
system, thereby performing an exposure process. 
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